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FOREWORD 

The data on the thermodynamic and transport properties are essential for the 
design, performance specifications and performance analysis of boilers, steam 
turbines, plant process and other mechanical equipment connected with power 
generation. 

With a view to present thermodynamic data at the national level, catering to the 
need of Indian power industries, the Indian Standards Institution published Steam 
Tables in 1966. The Tables contained thermodynamic properties of steam in the 
range of to 800° C temperature and to 500 kgf/cm 2 pressure. These Tables were 
more or less a reproduction of Vukalovich Steam Tables 1958; which were based 
on Skeleton Tables available till 1956. 

Since the publication of Vukalovich Tables 1958, considerable progress has been 
achieved in the experimental determination and analytical representation of the 
thermodynamic properties of water and steam. As a result, more and more reliable 
experimental data were made available in wider range of pressure and temperature. 
The Sixth International Conference on the properties of Steam in 1963 approved a 
Skeleton Table. This Skeleton Table was derived after considering all the data 
submitted by various member countries. The need was felt, at that time, for a co- 
relating equation to represent the properties conforming with the Skeleton Table in 
order to cater to the computerized calculations in the industries. An International 
Formulation Committee (IFC) was designated for preparing the formulation. 

The Committee developed the 1967 IFC Formulation for industrial use and the 
1968 IFC Formulation for scientific and general uses. These formulations were 
approved at the Seventh International Conference in 1968. The two formulations 
generate essentially the same values except in a small region near the critical point 
where the 1968 formulation takes care of the critical region anomalies to a certain 
extent. The 1967 IFC Formulation is comparatively simple in nature for 
programming purposes and it covers all the regions required in the industrial 
calculation. The ASME, JSME, VDI and UK Steam Tables currently in 
circulation were prepared using the 1967 IFC Formulation. 

In 1979, the ISI Subcommittee for the preparation of Steam Tables decided to 
publish new Steam Tables by adopting the 1967 IFC Formulation. It was also 
decided to incorporate the transport properties of steam to be prepared in 
accordance with the latest international practices. Since our country adopted SI 
Units through the standards of Weights and Measures Act, 1976, it was also 
decided to bring out the new Steam Tables in SI Units. 

The thermodynamic tables have been calculated using the 1967 IFC 
Formulations. A certain amount of graphical smoothing was done in case of 
isobaric specific heat capacity. The data on dynamic viscosity was prepared using 
the 4 I975 I APS* Release on Dynamic Viscosity \ and the data on thermal 
conductivity was prepared using the '1977 I APS Release on Thermal Conductivity'. 
The formulation and the data on surface tension was prepared using the '1975 

♦The International Association for Properties of Steam (IAPS) is the permanent organization set 
up. in 1968 to coordinate the international activities on the properties of steam. 



IAPS Release on Surface Tension*. Values given in these IAPS Releases have been 
supplemented by the M967 1FC Formulation* for the purpose of calculating the 
density. 

The member organizations of ISI Steam Tables Subcommittee took keen interest 
in bringing out the new edition of ISI Steam Tables. The Bharat Heavy Electricals 
Limited and Bhabha Atomic Research Centre took active part in preparing the 
Tables. The data was generated on the computer system at BHEL, Hardwar. The 
Committee is greatly indebted to BHEL, Hardwar, for the contribution of their 
members and for providing the computer facilities. 

The work on M oilier Diagrams in SI Units, which are coosidered necessary 
adjuncts to Steam Tables, is also on the programme of work of the ISI Sub- 
committee. This would be carried out using the computer aided plotting 
techniques. 

Bibliography 

1. ASME Steam Tables (Fourth Edition); American Society of Mechanical 
Engineers, New York. 

2. JSME Steam Table in SI- 1980; Japan Society of Mechanical Engineers, 
Japan. 

3. Properties of Water and Steam in SI Units- 1969; Verein Deutscher Ingenieure, 
Dusseldorf. 
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ISI STEAM TABLES IN SI UNITS 



1. SCOPE 

1.1 Steam Tables in SI Units up to 100 MPa and 
800°C are covered in this publication. There are 
thirteen tables in all, arranged as follows; the 
Tables I to 4 relate to the thermodynamic 
properties and the rest are related to transport 
properties of water and steam: 

Table I A Saturation properties pressure table 

(pressure, mm Hg) 
Table IB Saturation properties pressure table 

(pressure, MPa) 

Table 2 Saturation properties temperature 
table 

Table 3 Compressed water and superheated 
steam 

Table 3A Water and superheated steam in l°C 
steps of temperature near critical 
point 

Table 4 Specific heat capacity at constant 
pressure 

Table 5 Dynamic viscosity 

Table 6 Kinematic viscosity 

Table 7 Thermal conductivity 

Table 8 Thermal diffusivity 

Table 9 Prandtl number 

Table 10 Transport properties on the saturation 

line 
Table 1 1 Surface tension and Laplace 

coefficient 

2. NOTATION 

2.1 The following notations have been used in 
these Tables: 



t = Temperature 

T = / + 273.15— Absolute 

temperature 
p = Pressure 



°C 
K 



v = Specific volume 


m 3 /kg 


h = Specific enthalpy 


kJ/kg 


5 = Specific entropy 


kJ/(kgK) 


p = Density 


kg/m 3 


r = Heat of vapourization 


kJ/kg 


c p = Specific heat capacity at 


kJ/(kgK) 


constant pressure 




ji = Dynamic viscosity 


Pa.s 


v — Kinematic viscosity 


m 2 /s 


A = Thermal conductivity 


W/(m.K) 


a = Thermal diffusivity 


m 2 /s 


Pr = vcp/X = Prandtl number 




a = Surface tension 


N/m 


a = Laplace coefficient 


mm 


Superscript indicates a state 


of 


saturated water. 




Superscript " indicates a state 


of dry 


saturated steam. 





Pa or 
mmHg 



3. FORMULATION AND EQUATIONS 

3.0 Introduction— With the increasing use of 
digital computers, particularly in complicated 
calculations relating to plant design and cycle 
optimization, it has become necessary to have a 
formulation of the thermodynamic properties of 
water substance convenient for industrial use. 

The various thermodynamic properties are not 
independent of each other. For example, when the 
pressure p and temperature T are chosen as the 
independent variables of the formulation, then 
expressions (here called derived functions) for the 
specific volume, entropy, enthalpy and all other 
thermodynamic properties may be derived directly 
by partial differentiation of the so-called 
canonical (or characteristic) function g = g(p> 7*), 
where g is the specific free enthalpy (Gibbs 
function). Similarly, when the specific volume v 
and temperature T are chosen as the independent 
variables, then expressions for the pressure, 



1 
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specific entropy, enthalpy and all other 
thermodynamic properties may be derived directly 
by partial differentiation of the canonical function 
f - / (v. T), where / is the specific free energy 
(Helmholtz function). The formulation is 
presented in terms of these canonical functions, 
thereby maintaining thermodynamic consistency. 

The canonical functions provide the definitive 
expression of the formulation. The derived 
functions are for practical use and are secondary 
to the canonical functions. 

The formulation presented herein describes the 
thermodynamic properties of ordinary water 
substance throughout the whole of the region that 
extends in pressure from the ideal-gas limit 
(at zero pressure) to a pressure of 10 8 N/m 2 
(1000 bar), and that extends in temperature from 
273.16 K (0.01°C) to 1073.15 K (800°C). 

This whole region is divided into six sub- 
regions, numbered 1 to 6 and shown on the 
temperature-entropy plane in Fig. 1 and on the 
pressure-temperature plane in Fig. 2. 

The entire formulations and equations have 
been split up in the following groups: 

a) Physical quantities, quantity symbols, units 

and defined constant quantities (3.1) 

b) Reduced dimensionless quantities and 
thermodynamic relations (3.2) 

c) Specification of the subregions (3.3) 

d) Sub-formulations (3.4) 

e) The K-function (saturation line) (3.5) 
Canonical functions (3.6) 

g) Values of the constants (3.7) 
h) Derived constants (3.8) 
j) Derived functions (3.9) 

k) Cautionary notes (3.10) 

Brief descriptions of this grouping are as under, 
but the same have been dealt in details later 
(see 3.1 to 3.10). 

a) 3.1 lists the physical quantities, defines the 
quantity symbols and units used in the for- 
mulation, and defines certain constant 
quantities with the aid of which the expres- 
sions are presented in terms of reduced dim- 
ensionless variables. 

b) 3.2 presents the reduced dimensionless quan- 
tities and also the required thermodynamic 



relations by means of which expressions for 
the derived functions can be obtained from 
the given canonical functions. 

c) 3.3 specifies the sub-regions, which ar* 
identified by numbers, and gives informa- 
tion relating to equations which define the 
boundaries between subregions. These 
equations are identified by the letters K and 
I, the /^-function being the equation for the 
saturation line and the /.-function being the 
equation for a boundary between two sub- 
regions in the single-phase region. 

d) 3.4 gives the specification for the sub- 
formulation to be used in each subregion. 
Each such sub-formulation comprises the 
canonical function relevant to the subregion, 
together with derived functions. 

e) 3.5 presents the function giving the satura- 
tion line, which also serves as a boundary 
between subregions. This function is identi- 
fied by the letter K. 

f ) 3.6 presents the canonical functions, which 
are identified by the letters A, B 9 C and D. 
The canonical parts of the sub-formulations 
set out in 3.4 each comprising one or 
more of these principal canonical functions. 

g) 3.7 gives the values of the constants of the 
formulation. Most of these values are given 
numerically; a few, which are derived from 
other constants, are given symbolically. 

The material in 3.1 to 3.7 is sufficient and 
necessary to specify the formulation. 

h) 3.8 gives the numerical values of the derived 
constants and a derived form of the /.-func- 
tion convenient for computer use. 

j) 3.9 presents those derived functions which 
are of practical importance. 

k) 3.10 gives information on th^ magnitudes of 
small discontinuities in property values 
which occur at some of the boundaries 
between subregions and draws attention to 
the need for caution when making certain 
calculations. 
3.1 Physical Quantities, Quantity Symbols, 
Unite and Defined Constant Quantities 

3.1.1 Physical Quantities (Properties) — The 
following physical quantities are given the 



SP : 26-1983 



symbols listed: 

specific Helmholtz function 
(specific free energy) 

specific Gibbs function 
(specific free enthalpy) 

specific enthalpy 

specific entropy 

specific volume 

pressure 



/ 



g 
h 

S 
V 

P 

temperature (thermodynamic temperature) T 
specific isochoric heat-capacity c v 

specific isobaric heat-capacity c p 

quantities at the critical point v c , p c , T c 

quantities for the saturated liquid / f , hu su v f 
quantities for the saturated vapor h v s v v g 
increments in quantities for evaporation 

from liquid to vapour ht v si v v f| 

quantities at the triple point / ft , s f{y p u T x 
specific ideal-gas constant R 

saturation pressure p % 

saturation temperature T % 

3.1.2 Units — The units of the Systeme 
International dVnites (SI units) are used and 
have the definitions assigned to them by the 
Conference Generate des Poids et Mesures 
(CGPM). 



These SI units are: 



Quantities 



Units 



Unit Note 
Symbol 



/, g, h joule per kilogram J/ kg 
v metre 3 per 

kilogram m 3 /kg 
fnewton per N/m 2 
p J metre 2 I 
\ joule per metre 3 J/m 1 
(pascal Pa 
T Kelvin K 2 
5, /?, c vy c p joule per kilo- 
gram Kelvin J/ (kg K) 2 

Note I — The names and unit symbols given here arc 
synonyms for the same unit of pressure 

Note 2— The International Formulation Committee 
(IFC) of the International Conference on the Properties ol 
Steam (ICPS) has adopted the statement that the re- 
placement of these names and unit symbols by the 
following shall be tolerated. 

r Kelvin K 

j, A Ct, c P Joule per kilogram J /(kg K) 

Kelvin 



In this Statement of the Formulation use is 
made of these tolerated forms. 

The equations giving the units adopted by the 
ICPS in terms of the SI units are: 

1 J/g = 1000 J/kg 

1 cm 3 /g = 0.001 m 3 /kg 

1 bar = 100 000 N/m 2 = 100 000 J/m* 

1 J/(gK) = 1000J/(kgK) 

The International Organization for Standar- 
dization has provided equations for other units 
(see IS : 1890) in terms of SI units. 

The definitions given by the CGPM and the 
ISO imply that 



T x = 273.16 K 



(exactly) 



and that the (thermodynamic) Celsius temperature 
is exactly T - 7o, where 



To = 273.15 K 



(exactly) 



The symbol T in this Statement refers 
throughout to thermodynamic (absolute) 
temperature. Temperatures on the International 
Practical Scale of Temperature (1948) provide a 
closely approximate realization of the numerical 
values on the thermodynamic Celsius scale. The 
constants listed in 3.7 are appropriate for use 
when the International Practical Scale and the 
thermodynamic Celsius scale are treated as being 
identical. 

3.1.3 Defined Constant Quantities— \n 
accordance with the decisions of the ICPS 
(Fifth International Conference, London, 1956): 

Su = 0,/ fl = 0. 

The IFC, at its first meeting in Prague, 1965, 
defined certain symbols for certain constant 
quantities. Among these are: 

fti = 611.2 N/m 2 = 611.2 J/m 3 

7 cI = 647.3 K 

P cl = 22120000 N/m 2 = 22120000 J/m 3 

Vd = 0.003 17 m 3 /kg 

/?, = 461.51 J/(kg K) 

Note — Subscripts t and c, appearing alone, would refer to 
the actual values at the actual triple and critical points 
respectively; these values are not known exactly. The further 
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C K 

800 1073.15 6, 



590 



0.01 



-273.15 



863.15 



374.15 647.30 
350 623.15 

a; 

s 



273.16 




REDUCED ENTROPY 0«s/(P c1 V c ,/T c1 ) 
5 SPECIFIC ENTROPY * 



kJ/kflK 
Fig. I Illustration of Subregions on the Temperature-Entropy Diagram 



P 
BAR 

1000 



P 
N/m 2 

H>" 



UJ 

<r 

</> 

%n 
hi 

a. 



221.2 221.2x10 
165.i(APPROX4 

0.006HAPPROX.) 





CRITICAL 
POINT 



273.16 
0.01 



e, reduceo 

TEMP e«T/Tci 

!2* !2"i SS IB 10 J^V° K TEMPERATURE 

3S0 374.15 590 800 C 



Fig. 2 Illustration of Subregions on the Pressurb-Temperature Diagram 
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subscript 1 refers to the above comunt quantities, which 
coincide with the values adopted by the Sixth International 
Conference, New York, 1963, as the nearest estimates, at that 
time, of the true values. It is stressed that the constants listed 
in 3.7 are those appropriate for use when the defined constant 
quantities are as given above, and that no alterations to these 
defined constant quantities can be made without reviewing 
the values of the constants listed. 

3.2 Reduced Dimensionlesa Quantities and 
Thermodynamic Relations 

3.2.1 Reduced Dimensionless Quantities 
a) In accord with IFC: 

PlPti ~ £» the reduced pressure 
T\ T c \ = ft the reduced temperature 
W v ci - x* the reduced volume 
h/ipd Vd) = t> the reduced enthalpy 
s/ (Pci Vd/Tci) - o, the reduced entropy 

(b) It has been found expedient to add: 

g /(Pci v c i) - t - do = £, the reduced free 

enthalpy 
(Gibbs function) 

//(Pci v c i) = ( - fix « ^, the reduced free 

energy 
(Helmholtz function) 

R\T t \l(p c \ v c i) - A, the reduced ideal-gas 
constant 

Use is also made of 

Pt/Pci = Pd6) f the reduced saturation 
pressure, where p, — pJ(T) 

TJTd = d«(/3), the reduced saturation 
temperature, where T % = T t (p) 

TxlTci m ft, the reduced triple-point 
temperature 

Pt/Pci ^fix-px (ft), the reduced 
triplepoint pressure 

Numerical values for ft, &, p cl v cl , p c i v c i/r c i 
and h are given in 3.8. 

3.2.2 Thermodynamic Relations 
The known thermodynamic relations 

s - -idg/dT), - -idfid7\ 

v ■ Hdgldp)r 



p = -(d//dv) r 

h = g + T5 = / -h pv -h ft. 

when written in terms of the reduced 
dimensionless quantities become: 

o = -(3C/a0)0 = -O4,/afl) x 

X = + OC/a0)a 

= - 0*/d X )* 

€ = ( + fl a = ^ + £ x + 0a 

The reduced specific heat-capacities are given 
by: 

CpTcx = _ / d 2 ( \ 

Pel Ucl VlF//, 

"«<£). + «&)7(£). 

-i^i-mim. 



3 J Specification of the Sub-Regions 

3.3.1 The subregions are specified in the 
following table and illustrated in Fig. I and 2. 



Temperature 
range 


1 
Pressure range 


region 


0, Si Si 0, 


0S/I<fe(8) 

= & (0) 

ftc (0)< £ ft 


2 
6 
1 


0, < < 1 


OSi0Sift(0) 
ft(0)<0<ftc(0) 
= ftr(0) 
ftc(0)<0£ft 


2 
3 
5 
4 


1 Si < »i 


OSi/SSift,(0) 
ft<0)<0Sift 


2 
3 


02 Si £ 0j 


Si Si ft 


2 



The functions 0«(0) and t (0) are equations 
for boundaries between subregions, the K- 
function being the equation for the saturation line 
and the L-function the equation for the boundary 
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between subregions 2 and 3. These functions, and 
the constants required to complete the 
specification of the subregions in the table, are 
specified in 3.3.2 and 3.33, respectively. 

3.3.2 Equations for Boundaries Between 
Subregions 

3.3.2.1 The K-function — Reduced 
saturation pressure. 

This function is given in 3.5. 

3.3.2.2 The L-function — Reduced pressure 
along the boundary between subregions 2 and 3. 

01=01.(6) 

(0 2 - 0)ft + (0 - Oi)ft - L (0 2 - 0) (0 - ft) 



02-0i 



whence 



d0 



de 



I = K = K (0) 



A -A'- L(0 2 -20 + 0,) 



02 — 01 

Derived forms for L and L \ convenient for 
computer use, are given in 3.8.2. 

3.3.3 Constants Relating to Boundaries 
Between Sub-regions 

3.3 3.1 Primary constants — The constant L 
and the constants relating to the ^-function are 
given in 3.7.1. 

3.33.2 Expressions for values of derived 
constants— Expressions for the values of the 
derived constants ft, 0,, 2 , 3 , X and 2 are given 
in 3.7.2. 

3.3.3.3 Numerical values of derived 
constants — The numerical values of ft, ft, 02, 03, 
0i and fr are given in 3.8.1, and the numerical 
values of the constants relating to the derived 
forms for L and L ' are given in 3.8.2. 

3.4 Sub-formulations 

3.4.0 For each subregion these are set out 
below 

a) the canonical function, and 

b) the derived functions, and the relations bet- 
ween the canonical and derived functions. 

The functions of each sub-formulation are 



identified by the same number as that identifying 
the subregion. 

The functions t, (0, /*), fc (0, 0\ + c (0, x ) and 
$d (0, x) are given in 3.6. 

The purpose of introducing the terms oo and 
a i0 is explained in 3.7.2. 

3.4.1 Subregion, 1 

I = €i (0» 0) = b (0, 0) + «o + a»0 
X = Xi (0, P) = («&/««• 
a = ai (0, 0) = - (dfc/M)* 

€ = 6, (0, 0) = {, + O,0 

3.4.2 Subregion 2 

C = i2(0, 0) = fc(0, j8) + ao + a,0 
X = X2 (0, 0) = OC2/d^ 
a = o 2 (0, 0) = - (dfe/d©)* 

€ = €2 (0, 0) = 6 + *20 

3.4.3 Subregion 3 

+ = *3 (0, X) = *c (0, x) + «o + a,0 

£ = ft{0. x} = -0*3/dx)* 

a = a 3 {0, x} = ~ (0^3/00) x 
< = «3 {0, Xl = *3 + a 3 + ftx 
( = b {0, X) = *3 + 0>x 

Expressions having and as the independent 
variables are needed later. 

The equation = ft {0, xl, when solved for x, 
gives x — X3 (0, 0)- If there be more than one 
such root, then X3 is the greatest of these. 

Then 

O = 03 {0, X3 (0, 0)) = *3 (0> P) 
€ = €3 {0, X 3 (0, 0)) = €3 (0, 0) 

4 = {3{0, X3(0, /9)} = fc(0, 0) 

3.4.4 Subregion 4 

4> = *4 (0, x) 
= *c(0, x) + «o + *i0+*i>(0, x) 

* = <M0. X) = -(0*4/00) x 
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t = U {0, x) = *« + o 4 fi + fax 

I = 4* {* x) = *« + 0«x 

Expressions having and as the independent 
variables are needed later. 

The equation fi = /3 4 (0, x). when solved for x, 
gives x = X< (*, )8). If there be more than one 
iuch root, then X4 is the least of these. 



Then 



a = 0,1(9, X4(0. /3)} = 04(0, 0) 
< = u [0, x* (0, 0)} = « 4 («, 0) 
( = C {0, x* («, 0)} = {4 (0, /?) 



3.4.5,6 Subregions 5 


tf/irf 6 




P - 0* (0) 






Dryness fraction 


Xi~ 


Xf 
Xf 




o ~ 


Of 




°%~ 


Of 




t — 


ti 



3.5 The K-Function (Saturation Line) 

3,5.1 Reduced Saturation Pressure This 

function gives the saturation line, which is also a 
boundary between sub-regions. 

The equation for the reduced saturation 
pressure, /3#c, as a function of the reduced 
temperature, 0, is 



jM0) = exp 2 



n |l 



£ Mi - ey 



(I -0)+* 7 (l -0) 2 V 






The constants of the X-function are given in 
3.7.1. 

3.6 Canonical Functions 
3.6.1 The A- Function 



where the subscripts f and g refer respectively to 
the liquid and gaseous phases and the quantities 
bearing these subscripts are given below: 

3.4.5 Subregion 5 

Xi = x 4 (* ^ (0)), x g = x 3 (*> Ptc (0)) 
at = oa (0, j3x (0)), o f = 03 (0, /3k (0)) 
tt = «4 (0, Pk (0)), «, = e 3 (0, Pk (0)) 

3.4.6 Subregion 6 

x f »x,<*. /M*», x g =x 2 (0^/c(0)) 

Of = 01 (0, /J* (0))* O g = 02 (0, 0A (0)) 

€ f = €i (0, Pk (0)), e, = e 2 (0, Pk (0)) 

The definitions given in 3.4.1 to 3.4.4 of the 
derived functions \ l% o„ t, (i = 1 to 4) are hereby 
extended to include /8 = /3/c(0). 

The function /J*(0) k given in 3.5. 



Reduced free enthalpy (Gibbs function) 



iA(0.fi) = A(fi(l - ln0) + 2 A* v ' x 



+-(^-^- 



/I7 



29 12 

+ M, 2 + /4n0 + /J.40 2 + /M«* - 0)' 
+ /l 1(( (37 + 0'V}/3 - (a„ + 0") ' 

- /i„0 u (a, + 2 )|<a lo + j8)- J + a„/3) 

where 

Z = K + (a, y* - 2a 4 + 2a,0)' : 
K= I -a.r' -a 2 0~* 
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3.6.2 The B- Function 

Reduced free enthalpy (Gibbs function) 

5 

fr (0,0) = lid ln0 + BoO(\ - lnfl) + 2 Bo.O^ l - (B n X l > + B l2 X } )0 

- (&,*" + BnX 1 + BuXtf - (B^X" + ftj^V 

- (ft,*" +. B 4i X X4 )B* - (ft. ?'•' r B»X U + B^X 14 )? 

_ (B«X 12 + BjjX")? (B^X U + BnX*)fP (ft,* 24 + ft,*' 4 )/? 

i + b„x u B* TTvF 5 ^ i + (buX* 4 + *„a*V 






where 



* = exp {6 (1 - 6)} and ft = ft. (6), the expression for which is 
given in 3.3.2.2. 

The ^-function may also be expressed more compactly as follows : 



4«(0,0) = hB \nB + Bo0(l - ln0) + £ UD-fl" - ' 



M = 6 ft 2 '* + 



Mm) 

2 ArJ^ 11 ^ 






X=l 



i a v 10 * 



The numbers of terms n(/i) and l(ji), and the exponents z(/i, v) and jc(m, X) are as follows: 



it 


«(M) 


*(m.»0 


no*) 


*(/*,*) 


fi 




v = 1 


i/ = 2 


v = 3 


X= 1 


X = 2 




1 

2 
3 
4 
5 
6 
7 
8 


2 
3 
2 
2 
3 
2 
2 
2 


13 
18 
18 
25 
32 
12 
24 
24 


3 
2 
10 
14 
28 
11 
18 
14 


1 
24 


1 
1 

2 


14 
19 
54 


27 


1 
2 
3 
4 
5 
6 
7 
8 



3.6.3 The C- Function 

Reduced free energy (Helmholtz function) 
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1 1 
<M0. X) = Coo + Co. X + 2 CW ""+ Con \n X 

+ [c„X + 2 2 Cux 1 "+C 17 ln x ](0- I) 
+ (C 21 x + „5 2 C2'X' '+ G, Inx )(0 - l) : 

(9 
C„x+ Sc^x'-'+doInx (0- I)' 

+ (C40 + C41 x" 5 )^ 23 (* ~ 1) + doO ln0 

4 8 



*=0 



y = 



3.6.4 77ie> D- Function 

Reduced free energy (Helmholtz function) 



4 4 

ilt D (0, x)= 2 2*wy 

M =3 „=o 



►=0 



where 



_y = (l-0)/(l-0,) 



3.6.5 Constants Relating to Canonical 
Functions 

The values of the constants introduced in 
3.6.1, 3.6.2, 3.6.3 and 3.6.4 are given in 3.7.1. 

3.7 Values of the Constants 

3.7.1 Numerical Values of the Primary 
Constants 

3.7.1.1 Sub-region I 

A = 6.824687 741 X 10' 

Ai - -5.422 063 673 X 1 2 

Ai = -2.096666 205 X 10 4 

Ai = 3.941 286 787 X I0 4 

A 4 = -6.733 277 739 X I0 4 

Ai - 9.902 381 028 X I0 4 



At 
A, 

A % 
A, 

A\o 
A u 
An 
An 
Au 
Am 
A u 
An 

Aw 

A10 

An 

A 22 

*l 

«1 

a 3 



-1.093 91 1 774 X 10 5 
8.590 841 667 X 10 4 

-4.511 168 742 X I0 4 
1.418 138 926 X 10 4 

-2.017 271 113 X 10' 
7.982 692 717 X 10° 

-2.616 571 843 X 10 2 
1.522 411 790 X 10" 3 
2.284 279 054 X \0' 2 
2.421 647 003 X 10 2 
1.269 716 088 X 10"'° 
2.074 838 328 X 10" 7 
2.174 020 350 X 10"' 
1.105 710498 X 10"" 
1.293 441 934 X 10' 
1.308 119 072 X 10 s 
6.047 626 338 X 10"' 4 
8.438 375 405 X 10"' 
5.362 162 162 X 10" 4 
1.720000 000 X 10° 
7.342 278 489 X 10" 2 
4.975 858 870 X 10' 2 
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a 6 = 6.537 154 300 X I (T 

a, = 1.150000000X10* 

a, = 1.510800000 X I0" 5 

a, = 1.418 800000 X 10"' 

a, = 7.002 753 165 X 10° 

a„ = 2.995 284 926 X 1 0* 

a l2 = 2.040000000 X 10" ' 



3.7.1.2 Sub-region 2 



Bo = 1.683 599 274X10' 

A, = 2.856 067 796 X 10' 

B02 =-5.438 923 329* X 10' 

Boi = 4.330 662 834 X 10"' 

B,* =-6.547 711 697 X 10"' 

Boi = 8.565 182058 X 10" 2 



Bu 
Bn 



= 6.670 375 918 X I0" 2 
= 1.388 983 801X10° 

Bn = 8.390 104 328 X 10" 2 

U22 = 2.614 670 893 X 10" 2 

ft, = -3.373 439453 X 10" 2 

ft, = 4.520918 904 X 10"' 

ft 2 = 1.069 036 614 X 10"' 

An = -5.975 336 707 X 10"' 

Bai = -8.847 535 804 X 10" 2 

Bn = 5.958 051 609 X 10"' 

& 2 =-5.159 303 373 X 10"' 

ft 3 = 2.075 021 122 X 10"' 

Bti = 1.190610271 X 10"' 

Bu = -9.867 174 132 X I0" 2 

Bn = 1.683 998 803 X 10 - ' 

B72 =-5.809 438001 X 10" 2 

Bti = 6.552 390 126 X 10' 3 

Bn = 5.710 218 649 X I0" 4 

B*> = 1.936 587 558 X 10 2 

Bii =-1.388 522425 X 10 J 



A- 

B* 

b 

b it 

bix 

b tl 

bti 



4.126607 219X10* 
-6.508 21 1 677 X 10* 
5.745 984 054 X 10* 
-2.693 088 365 X 10 s 
5.235 718 623 X 10 2 
7.633 333 333 X 10"' 
4.006 073 948 X I0 _l 
8.636081 627 X 10 -2 
-8.532 322921 X 10'' 
3.460208 861 X 10"' 



3.7.1.3 Sub-regions 3 and 4 



Coo 
C01 
C<n = 

Coy - 

C04 = 

Cos = 
C« = 

Co. = 
Co, = 
C010 = 
Con = 
C012 = 
C„ = 
C„ = 
C„ = 
C„ = 
C„ = 
C lt = 

C„ = 

C„ = 
Ca = 
Cj, = 



= -6.839 900 000 X 10° 
= -1.722 604 200 X 10" 2 
= -7.771750 390X10° 
= 4.204 607 520X10° 
= -2.768 070 380 X 10° 
= 2.104197070X10° 
-1.146495 880 X 10° 
2.231 380 850 X 10"' 
1.162 503 630 X 10' 1 
-8.209 005 440 X 10" 2 
1.941 292 390 X 10" 2 
-1.694 705 760 X 10' J 
-4.31 » 577033X10° 
7.086 360 850 X 10"' 
1.236 794 550 X 10' 
-1.203 890040 X 10' 
5.404 374 220 X 10° 
-9.938 650430 X 10" 
6.275 231 820 X 10" 2 
-7.747 430 160 X 10° 
-4.298 850 920 X 10° 
4.3I4305 380X10 1 
-1.416 193 130 X 10' 



10 
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C u = 4.041 724 590 X 10° 
C u = 1.555 463 260 X 10° 
Cu ==-1.665 689 350 X 10° 
Cu = 3.248 811580X10-' 
Cu = 2.936 553 250 X 10 1 
C 31 = 7.948418420 X 10* 
C n = 8.088 597 470 X 10' 
Cji = -8.361 533 800 X 10' 
C u = 3.586 365 170 X 10' 
Cj 5 = 7.518 959 540 X 10° 
C» =-1.261 606400 X 10' 
C, 7 = 1.097 174 620 X 10° 

2.121 454 920 X 10° 
-5.465 295 660 X 10"' 

8.328 754 130 X 10° 



C„ = 
C„ = 

Cjio = 



C« = 2.759 717 760 X 10"* 

Oi = -5.090 739 850 X 10" 4 

Cto = 2.106 363 320 X I0 2 

C M = 5.528 935 335 X I0" 1 

C«, = -2.336 365 955 X 10"' 

C« = 3.697 071 420 X 10"' 

Ca = -2.5% 415 470 X 10" ' 

C M = 6.828087 013 X 10* 2 

Cto = -2.571 600 553 X 10 2 

C n =-1.518 783 715 X I0 2 

Ci 2 = 2.210 723 208 X 10' 

C 7J =-1.802039 570 X 10 2 

Cm = 2.357 096 220 X 10 3 

Cu =-1.462 335 698 X 10 4 

Cn = 4.542916630 X 10* 

Cn = -7.053 556432 X I0 4 

C 7 8 = 4.381 571 428 X 10 4 

3.7.1.4 Subregion 4 

Dm = -1.717 616 747 X 10° 

D„ = 3.526 389 875 X 10° 



D n = -2.690 899 373 X 10° 

D» = 9.070982 605 X 10~' 

£> M =-1.138 791 156 X 10 _1 

/>« = 1.301 023 613 X 10° 

D 4 , = -2.642 777 743 X 10° 

D42 = 1.996 765 362 X 10° 

D 4i =-6.661 557 013 X 10 H 

Dm = 8.270 860 589 X 10' 2 

D M = 3.426 663 535 X 10" 4 

D,i =-1.236 521 258 X 10 _ > 

D i2 = 1. 155 018 309 X 10 J 

3.7.1.5 Saturation line 

*, = -7.691 234 564 X 10° 
k 2 = -2.608 023 696 X 10' 
k) = -1.681 706 546 X 10 2 
k 4 = 6.423 285 504 X 10' 
ki = -1.189646 225 X I0 2 
*«= 4.167 117 320X10° 
* 7 = 2.097 506 760X10' 
*, = 10' 
*, = 6 

3.7.1.6 Boundary between subregions 2 and 3 

L = 7.160 997 524 X 10° 

A derived form of the /,-function and the values 
of the resulting derived constants are given in 
3.8.2. 

3.7.2 Expressions for Values of Derived 
Constants 

0, » 27*16/64 730 B 2 - 10000/2 212 

0,= 62 315/64 730 0. =j8*(0,) 

2 = 86 315/64 730 £ = jM«.) 

0j = 107 315/64 730 /, = /?, r tl /(p e i v cl ) 

The numerical values of the above 8 constants 
are given to 10 digits in 3.8.1. 



11 
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The constants oo and a, may be token each to 
be zero. If it be desired that the calculated values 
of the internal energy and entropy at the reference 
state (the liquid phase at the triple point) each 
approximate to zero with the highest precision, 
then these constants should be evaluated, to suit 
the computer in use, by means of the following 
expressions: 

oo = [~Ia + ftdlAldfie + WC/ 00)/. ]•=»,/»« A 

on = [-(dl</d0)|»]»-«..*-A 

3.8 Derived Constants 

3.8.1 Numerical Values of Derived Constants 

oo = 0, a, = 
& = 4.520 795 660 X 10° 
0,= 4.219990 731 X 10"' 
0, =9.626911787 X 10"' 
2 = 1.333 462 073 X 10° 

0, = 1.657 886 606 X 10° 

1, =4.260 321 148 X 10° 
px = 7.475 191 707 X 10'' 
0, = 2.763 311 032 X 10" 5 

For convenience the adopted constant quanti- 
ties are repeated here : 

Tex = 647.3 K (exactly) 

Pd = 22 120 000 N/ m 2 (exactly) 

v e , = 0.00 3 1 7 m'/ kg (exactly) 

whence the constant quantities given below are 
derived : 

Pci v«, = 70 120.4 J/ kg (exactly) 

Pci v c ,/r«, = 108.327 514 3 J/kg K 

3.8.2 Derived Form of the L-Function and 
Values of the Constants Relating Thereto 

When the L-function is rearranged to give 
fc = Pl (0) 

= U + 1,0 + L 2 # 
and consequently 



d^ 






d6 

= fii.' (6) 

- Li + 2L 2 0, 

then the derived constants lo, L ( and L 2 have the 
numerical values 

U= 1.574 373 327X10' 
£, = -3.417 061 978 X 10' 
L 2 = 1.931 380 707 X 10' 

3.9 Derived Functions 

3.9.1 Subregion I 
Reduced volume, 

V/Vel = XI 

= (dU*/3)« 

Xx = AxxaiZ'"' 7 + [A xl + A„6 + Ax<& 
+ A ti (a 6 - 0)'° + Ax„(ai + 0'V) 

- (»» + 0")-' (An + 2A tt + iAxtp 2 ) 

- A x $"(a 9 + $ 2 ) |-3(» l0 + p)~* + an} 
+ 3A 2l (a, 2 - 8)0* + 4^ I2 0-V 

where 

Z = Y + («, Y 2 - 2a 4 + 2a$p) m 
Y = I - axO* - a 2 er* 

Reduced entropy, 

slip* v cl /r c ,) = oi 

= - (0U00)* - «■ 

10 

ox = - a, + A ln0 - X (v - 1) Avd^ 2 

+ Axx[[^Z-(a i -\)Y)r + a 4 ]r inl 

+ {-Am - 2/lu0 + l0An(a t ~ Of 
+ I9/i,« (a, + 0"r 2 6 n \p 

- 1 1 o 8 + e u y 2 e"(Ax7p + Axtp 2 + A l9 p') 

+ /<2o0 ,7 (l8a, + MO'Htao + 0)* 3 + «iij8} 
+ A 2 xp> + 2O/1220" 2 ' 0* 



12 
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where 

r = - 2a>0 + 6a,0~ 7 

Reduced enthalpy, 

h(jK\ \\\) = ei 

= Ct + a + cr,0 4- 0ai 

id 
ci = a» + /1<>0- 2 (i> - 2)^,0 1 "" 1 

+ /(ll [ z {, 7 (|__y) +5 ^j + a ^_ (aj _ 1)dKr j z . 5 , r 

+ M.2 - /1.40 2 + ^,,(90 + a 6 )(a 6 - 0)' + A l6 (20e 19 + ai )(a 7 + 0'V}/J 
- (120" + «,)(«, + 0")- 2 (^,^ + ^ + ,4,^ 

+ /l 2O ,8 (17a 9 + 190 2 )((a lo + /8)- } + a„0} + ,4 21 a I2 /J 3 + 21 ^'V 

3.9.2 Suhrexion 2 

Reduced volume. 

V/ Ve| = * 2 



8 / ovnl-u 

tilt) 



X 2 = /,0/0- 2 m/9""'2 ^x ,< *" > - > 
M = l * = l ^^ 



8 (m-2)/3 i "S ^A"^' 1 



c=l 



6md ( f <"> 



(oJO 6 



where 



x = exp[b(\ -0)} 



0t = j8* (0), the expression for which is given in 3.3.2.2. and the numbers of terms n(m) and £(n\ 
and the exponents r(/ti, v) and *(/*, A), are listed in 3.6.2. 

Reduced entropy, s/(p c i v c i/ T c i) = o 2 = - (0£*/00)* - a, 

13 
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Ol 



5 3 l*M) 

= -a, - /i InjS + A> In* - 2 0> - l)ito,0^ 2 - b X $» X z(w)B*,X«^ 



r*l 



li*l " r«l 



-6 



I 



Km) 

?->+ Xb*kX«* k \ 



4* J?M*' 



A=*| 



2 -" + tb^X**" 



x=i 



+<rji{^)*-] 



Reduced enthalpy, 



h/(pci v cl ) - € 2 = is + ao + ct\0 + 0a 2 

6 2 = a + Bod - 2 AfcCy-iy"" 1 - 2 0" 2 4»(1 + z(^v)be)X t(tl " ) 



K=l 



^=1 *=l 



8 

X 



*00 

2 a***-'* [i + ziw)b<n - x ~' 






100 



+ *(|)'1[[-«(^M 



3.9.3 Subregion 3 
Reduced pressure, 

Pi Pci = ft = -(d+cldx)t 



A = - f Co, + 2 (1 - iO Co, X "*+ Cwjx"'] 

. 6 

~ [Cii + 2(1 - v) cirx-'+ C,7X"' }(©- I) 

- 7 

~ [ Cii + ,l 2 (l ~ "> C2 ^~ r+ c »x"' }(0 - I) 2 

- (Cj» + 2 2 (1 - *) C3,x _,, + C„ox"« ](0 - l) 3 



+ 5 c 4 ,x^ 2, (tf - - 6 X 5 2 c*,e- 2 -> 
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Reduced entropy 

sl(p<i v,i/ r cl ) = o, = -MclW) x - a, 

oj = - a, - (c„ x + tci.x'"' + C v lnx + C 50 } 

- 2JC 21 X + |ax'""+ C„ ln x ) (0 - I) 

9 

- 3 (C„ x + 2 CJ,x'"'+ C, l0 »nx ](« - I) 2 

+ (Go + Cx" 5 )(22 <r 2J - 2ier u ) - Co ine + x* 2 {(^ + 2) a^-'-} 



i 4 

2 

v=0 



I 

2 I<*+ \)Ci>(6- If] 

„=0 



Reduced enthalpy, 

hl(pc\ Vcl) = €3 = ^c + <*o + <*.* + ©crj + xfr 

€$ = ao + ((Coo - Con - Qo) - C„x + 2 v Co,* 1 ^ 

- 2 Cir X '"'+(Coi2-C l 7)lnx | + ((-Ci7-Cjo)-(C,i+2Cn)x 



**2 

6 



+ 2 (v - l)Cir x 1 "'- 2 2, C2.x' - "- 2C 2 , lnx ](* - D 

|»=*2 F=2 J 

+ f-C M - (2C 2 , + 3C„)x + 2 (* - 2)C2» *' " ' 

\ K«2 

- 3 2 O.x'""- (C» + 3C M0 )lnx] (6 - I) 2 

9 

+ {-Cho - 3C„x + 2 2 {? - 3)C^,x , " , '- 2C 310 lnx ](B - I) 3 



+ (23C«, + 28C 4 ,x~ 5 )0~ 22 " (24C«o + 29C 41 x" 5 )*" 

4 I 

+ X 6 2 {(p - 3)C6,0- 2 -") - 2 {C7,(l + vd)(8 -\)'\ 



» = 



3.9.4 Subregion 4 
Reduced pressure. 



Plp t i = Pa = ft - (dtoldx), 

* 4 2 

fit - /j, + 2 2 *DM»y x**" ' - >•" 2 *ds» x " " ' 

It — ) »»0 »«0 

Reduced entropy, 

5/(p«. v.i/ r„) = o 4 = oj - (d+o/Mh 

2 2 jilWx "' + 32/' 2 Di* x " 
<»4 != a3+— 



l-9i 
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Reduced enthalpy, 

hj(pci Vci) = u = €3 + i1*d + (04 - a } )0 + 094 - &)x 



4 4 



-I -v 






2 



- v 31 2 X>5„ {(31 + v)y - 32/(1 - flOJx* 



Note: In the three derived expressions for subregion 4: j = (I — ^)/(! — $i) 



3.10 Cautionary Notes 

3.10.1 Discontinuities at Boundaries Between 
Subregions — It should be noted that there are 
discontinuities in property values at the boundary 
between subregions 2 and 3 and at the boundary 
between subregions 1 and 4. Nevertheless, for the 
specific volume, specific enthalpy and specific free 
enthalpy, the discontinuities are less than the 
maximum values which the First Meeting of the 
International Formulation Committee (Prague, 
1965) recommended should not be exceeded. 
However, when values of the specific entropy are 
listed at 5-degree intervals, there are four points 
on the boundary between subregions 2 and 3 at 
which the discontinuity has a value of 0.3 J/ kg K, 
and one point having a value of 0.4 J/ kg K, 
compared with the recommended maximum 
acceptable value of 0.2 J/ kg K. 

For the specific heat-capacity, the dis- 
continuities at the boundary between sub- 
regions I and 4 do not exceed the recom- 
mended maximum value of 1 percent, but at the 



boundary between subregions 2 and 3 they are in 
general in excess of 1 percent, the greatest 
discontinuity being 6.5 percent. 

The magnitudes of these discontinuites are not 
significant industrially. 



3,10.2 Precautions to be observed in 
numerical computation — The precautions and 
techniques of numerical analysis will be well 
known to users of this formulation. Two points, 
however, warrant comment. 

1. It will be clearly evident that, in order to 
attain an adequately precise result from numerical 
inversion in subregions 3 and 4, it is necessary to 
control the pressure error or the volume error, or 
both, within appropriate bounds. When pressure 
alone is controlled, very severe conditions must be 
imposed (possibly as fine as 1 part in 10 6 or, near 
the critical point, much finer). 

2. Note should be taken of the fact that errors 
may arise if finite-difference techniques be used 
with too small an interval. 
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3.11 Formulation for Specific Heat Capacity, C p 
3.11.1 Sub region / 
Reduced specific isobaric heat-capacity : 



* = ^ 



Pel V c 



--(&). 



where 



♦M(S*-oi*-*"£-^"(-f-) , l 

+ t*L4L- 2 *L) /"*» M- + 1*1**- - il^D Til/" ) 

\29 de ae I m h9 de 2 12 c/0 2 1 L J 

+ )8{2/4u + 90/1,5 (a, - 0)' + 722,4 „,0 56 (a 7 + 0'V - 342,4, 6 0' 7 (a 7 + 0'V} 

- [2420 2O (a 8 + 0")~ 3 - 1 lO0 9 (as + 6"Y 2 )(Avp + /J„/3 2 + /(„/3 3 ) 

- -42o0 l6 (3O6a, + aw^JKaio + 0) J + a,,0} + 42(M 2 20 "0 4 



and 



Z = Y + (a 3 K* - 2a 4 + 2a,/J)" 2 , 
K = I - a,0 2 - a 2 "* , 



dY d l Y 

-=— = - 2a,0 + 6a 2 0" 7 , -^r= - 2a, - 42a 2 " , 



- (a, y-^ - a,)W 2 -?a<0 + 2a,0) ' : 
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3.11.2 Subregion 2 

Reduced specific i so baric heat-capacity: 



<*> 



Pel V c , 



<*2 



— #) 



where 



-(324ft,*" + 4ft 2 * 2 + B 2i X)b 1 p 2 - (324ft,*" + lOOftj*' )* 2 ^ 
-(625ft,* 25 + I96A U * I > 2 4 - (1024ft,* 32 + 784ft2* 28 + 576ft,* 2 y 2 5 



£. f Fot 2FkI G»i + Fm G»2 



+ 2F* 



° r 

_2 

i.»6l G»* (G»or 

+ 20 ft -^ £ **»..** + b 2 B L £ v 2 Bi,X v ] 
dd *=o »=o * 



«?»»f 



(G*) 3 



and 



= „*'-•> 



* = e 

Pl - Pl (0) L + Lid + L$ 

t>2 — 0| 



F*o = (ft,* 12 + ft**")* 4 

F^Cftl^+ftjJlfV 

F M = (ft,* 24 + ft 2 *'V 

Girl = dGrt/de 
3.11.3 Subregion 3 
Reduced specific Isobaric heat-capacity: 

<* — — — — 

Pel Vcl 

♦ — *(**) + el^-) 2 l l^\ 



C/60 — 1 + &61^ P 
C/70 = 1 + ^71^ p 

G M = 1 + (ft,* 54 + ftj* 27 )/? 6 
ft* = (fFrt/de 1 

Gp2 = (PGA/df 
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where 



(*r) = 2( C ^X + | 2 ^ , "+C 2 .lnx) 

+ 6(c„x+ ici> X l '*+ C il0 lnx)(6- I) 



2 



+ (C 40 + C 4 ,x" 5 )(506» - 552)0" + C 5 o0 

4 « 

+ x 6 2 (* + 2)(i> + 3)C6^""" 4 + 2 *(* + i)Ov(e - i) 1 



4% =c„ + t (l - ^)0,x"" + C.tx" 

+ 2(c 2 , + 2(1 -v)C2,x""+C„x" , )(9- D 
+ 3(c„ + 2 (1 - ^)C3kx" v + Cj.ox'V - O 2 

4 

- 5C4,x"'(23 - 226W U - 6x 5 2 (" + DCbvd" 

x dx '« "=2 

+ ( Xv(v - \)C\*x'~ l - C.7X" 2 )(0- 1) 

+( 2 2 K* - \)C2, X ~" 1 - c 2iX ' 2 )(e - i) 2 
+( 2 v(v - dch"-' - c ii0X ' 2 )(d - i) 3 



4 

+ 3OC 4 .x" 7 (0 - 1)0~ 23 + 30x 4 2 C6^"~ 2 

*=0 



3.11.4 Sub region 4 
Reduced specific isobaric heat-capacity: 



Pel V c , 



where «fr = «flf C + 4»d 



/ aVc \ „/ a 2 <fc> \ . a r aVc , aVo l 2 / f/i>£\ + t^tR.) 1 
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where 



(.£*») =_L_[i i: M ( M -i)/)^-^-'+992/ o iz)5^] 

i!% = _L_[ £ i^A^y- - 32 y i »£*,/-'] 






and 



> = (1 - ©)/(! - ©,) 



3.12 Dynamic Viscosity Formulations — The 

1975 1APS Release on Dynamic Viscosity 
contained a skeleton table prepared from a 
critically evaluated experimental data reduced to 



a 2 = 0.0105287 

a* = -0.003 6744 

Here, p stands for the density and T stands for 



a uniform grid and an interpolating equation the absolute temperature on the 68 International 
which interpolates to the skeleton table data Practical Temperature Scale (IPTS). The 
within the permissible tolerances. The I APS coefficients by are given in Table 1. 
recommended formulation for dynamic viscosity 

The correlating equation (1) for ji is valid in the 

range 



fi is presented here: 

1 9 i=0y=0 X / ' 

*te-n 



where 



< t < 800°C 

in temperature and 

(,) < p < 1 050 kg/m 3 

in density which corresponds to an approximate 
pressure range 



_£L. = ( JL)' /2 f X ak [—)Y < 2 > < /> < 100 MPa. 

10 _6 Pa.s \ T*l Uto k \ tI J 

When the dynamic viscosity values are desired as a 

The constants in equations (1) and (2) are given function of pressure and temperature, equation (1), 

by has to be complemented with an equation of state. 

T+ = 647.27 K ^ e recomm ended equation for this purpose is the 

1968 1FC Formulation for Scientific and General 
p* = 317.763 kg/m 3 Use. 

a = 0.018 1583 The wide, y used equation of state for the 

thermodynamic properties of water and steam is the 
4, = 0.017 7624 I9 6 7 jpc Formulation for Industrial Use. When the 



TABLE I COEFFICIENT b v 





y = 





1 


2 


3 


4 







0.501 938 


0.235 622 


-0.274 637 


0.145 831 


-0.027 044 8 




i 


0.162 888 


0.789 393 


-0.743 539 


0.263 129 


-0.025 309 3 


i 


2 


-0.130 356 


0.673 665 


-0.959 456 


0.347 247 


-O.026 775 8 




3 


0.907 919 


1.207 552 


-0.687 343 


0.213 486 


-0.082 290 4 




4 


-0.551 119 


0.067 066 5 


-0.497 089 


0.100 754 


0.060 225 3 




5 


0.146 543 


-0.084 337 


0.195 286 


-0.032 932 


-0.020 259 5 
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values of density are substituted in equation (I) 
from the 1967 Formulation for Industrial Use, the 
dynamic viscosity values generated may exhibit a 
marginal difference of at most 0.3 percent except in 
a region .close to the critical point where the 
differences may be even larger. However, for all 
industrial applications the deviations are negligible. 

3.13 The Thermal Conductivity Formulations 

The 1977 1APS Release on Thermal Conductivity 
of Water and Steam contained a skeleton table 
and two interpolating equations, one for 
industrial use and the other for scientific use. The 
two formulations produce essentially equivalent 
values of thermal conductivity except in a region 
around the critical point where there is an 
anomalous singular behaviour of the 
thermodynamic and transport properties. 

The 1977 1APS formulation for scientific use 
incorporates in it to a certain extent the anomaly 
near the critical point. The formulation for 
industrial use with which the data for thermal 
conductivity A has been generated for the ISI 
Steam Tables is reproduced as follows : 



AT* = 



L 

T+ 



-=r- 1-0 + C* 



(10) 



X = A + A + AA 
where 



(3) 



(4) 



(5) 



+ b 2 exp[B i (-^- + B 2 ) } 

x«p[ *[.-(£)")] 

+ ^)°exp[f(,-(^)] 
+ Ae*p[c,(£)^C,(£-)'] (6) 



g=2.0+ C, (A r*) 
R=Q+ 1.0 



-0.6 



r(Ar*r' . for T>T* 
lCt(AT*)'°\ for T< T* 



(7) 
(8) 

(9) 



Numerical values of the constants 



T* = 
a = 
o, = 
a 2 = 

bo 
b, 
b 2 
*i 
B 2 

P* 
d l 
d 2 
d, 
d< 
C, 
C 2 
C, 
C 4 
C 5 
C. 



647.3 K 
1.028 11 X I0" 2 
2.996 21 X 10" 2 
1.561 46 X 10" 2 
-4.224 64 X 10" 
-3.970 70 X 10" 
4.003 02 X 10"' 
1.06000 

-1.715 87 X 10" 
2.392 19 
317.7 kg/m 3 



7.013 09 X 
1.185 20 X 
1.699 37 X 
-1.020 00 
6.428 57 X 
-4.117 17 
-6.179 37 
3.089 76 X 
8.229 94 X 
1.009 32 X 



10" 
10" 
10" 

10" 



10" 
10" 
10' 



W/(m.K) 
W/(m.K) 
W/(m.K) 
W/(m.K) 
W/(m.K) 
W/(m.K) 
W/(m.K) 



W/(m.K) 
W/(m.K) 
W/(m.K) 
W/(m.K) 



When the thermal conductivity values are 
desired as a function of pressure and temperature, 
then the density has to be calculated from the 
1967 1FC Formulation for Industrial Use. 

3.14 Kinematic Viscosity, Thermal Diffusivity 
and Prandtl Number - The kinematic viscosity, 
thermal conductivity and Prandtl Number are 
properties dependant on dynamic viscosity and 
thermal conductivity. They are calculated using 
the relations 

Kinematic viscosity v = ft I p 

Thermal diffusivity or = klpC P 

Prandtl number Pr = ftC p !X 

Where C P stands for the specific heat capacity 
at constant pressure and can be obtained from an 
equation of state. The formulations for industrial 
use discussed in the earlier sections are used 
for evaluating the individual properties ft, p, C p 
andX. However, for a smooth representation of the 
Prandtl number as a function of pressure and 
temperature, it is suggested to use the 1975 I A PS 
release for dynamic viscosity, the 1977 IAPS release 
on thermal conductivity for scientific use in 
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conjunction with the fundamental equation for 
thermodynamic properties. This holds good for 
thermal diffusivity as well. 

3.15 Internationally Recommended Interpola- 
tion Equation for Surface Tension (1975)— The 

data of International Skeleton Table (1975) for 
the surface tension o which are shown in the 
Table I2G are reproduced by the following 
Internationally Recommended Interpolation 
Equation (1975) within attached tolerances 
respectively. 

k 1 2f.fi 



0.2358 (l- -I) "' (l - 0.625 (l--£)) 



where 



a = Surface tension of water, N/m; 
T = Temperature, K; and, 



71 = 647.15 K (Critical temperature). 

3.16 Laplace Coefficient The value of Laplace 
coefficient a which is needed in the field of heat 
transfer, in chemical engineering can be calculated 
by the following equation: 

a = Va/tetp'-p")} 



= \Zo7v" {g(v"~- vl 

where 

a = Laplace coefficient, m; 

g = 9.80665 m/s 2 (standard acceleration due 
to gravity); 

p = Density, kg/m\ and 

v = l/p = Specific volume, m 3 /kg. 
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TABLE 12 INTERNATIONAL SKELETON TABLES (1963, 1975 AND 1977) 

Table 12A International Skeleton Tables (1963)— Thermodynamic Properties of 
Saturated Water and Saturated Steam 



(l) 



TfcMPfcRA- 
TDRfc 


PRfcSSl Rfc 


Specific Volume cmVg 


Specific Enthalpy J/g 




°C 


bar 


Water 


Steam 


Water 


Steam 






Tolerance 




Tolerance 


Tolerance 




Tolerance 


Tolerance 


(2) 


0.006108 0.000006 


i- 000 21 


0,00005 


2W?W 


21a 


0.000611 


0.0004 
0.000001 


JLfifil 


i 


0.01 


0.006112 


0.000006 


1.000 21 


0.00005 


206146 


210 


2 501 


10 


0.012 271 


0.000 010 


1.0004 


0.0001 


106422 


110 


41.99 


0.04 


2 519 


3 


20 


0.023 368 


0.000020 


1.0018 


0.0001 


57 836 


58 


83.86 


0.08 


2538 


2 


30 


0.042 418 


0.000030 


1.0044 


0.0001 


32 929 


33 


125.66 


0.08 


2556 


2 


40 


0.073 750 


0.000038 


1.0079 


0.0001 


19 546 


19 


167.47 


0.08 


2 574 


2 


50 


0.123 35 


0.00006 


1.0121 


0.0002 


12 045 


12 


209.3 


0.1 


2592 


2 


60 


0.19919 


0.00010 


1.017 1 


0.0002 


7 677.6 


7.7 


251.1 


0.1 


2609 


2 


70 


0.31161 


0.00016 


1.022 8 


0.0002 


5045.3 


5.0 


293.0 


0.1 


2 626 


2 


80 


0.473 58 


0.00024 


1.0290 


0.0003 


3408.3 


3.4 


334.9 


0.2 


2643 


2 


90 


0.70109 


0.000 36 


1.035 9 


0.000 3 


2360.9 


2.4 


376.9 


0.2 


2660 


2 


(3) 100 


1.013 25 




1.0435 


0.0003 


1673.0 


1.7 


419.1 


0.2 


2 676 


2 


110 


1.432 7 


0.0010 


1.0515 


0.0004 


1 210. 1 


1.2 


461.3 


0.2 


2 691 


2 


120 


1.985 4 


0.0013 


1.0603 


0.0004 


891.71 


0.89 


503.7 


0.2 


2 706 


2 


130 


2. 701 1 


0.0016 


1.069 7 


0.0004 


668.32 


0.67 


546.3 


0.3 


2 720 


2 


140 


3.613 6 


0.0021 


1.079 8 


0.0004 


508.66 


0.51 


589.1 


0.3 


2 734 


* 


150 


4.7597 


0.0032 


1.0906 


0.0004 


392.57 


0.39 


632.2 


0.3 


2 747 


3 


160 


6.1804 


0.0042 


1. 102 1 


0.0004 


306.85 


0.31 


675.5 


0.3 


2 758 


8 


170 


7.9202 


0.0053 


1.1144 


0.0004 


242.62 


0.24 


719.1 


0.4 


2 769 


3 


180 


10.027 


0.007 


1.127 5 


0.0004 


193.85 


0.19 


763.1 


0.4 


2 778 


4 


190 


12.553 


0.008 


1. 141 5 


0.0004 


156.35 


0.16 


807.5 


0.4 


2 786 


4 


200 


15.550 


0.008 


1.1565 


0.0004 


127.19 


0.13 


852.4 


0.4 


2 793 


4 


210 


19.080 


0.008 


1.172 6 


0.0004 


104. 265 


0.104 


897.7 


0.4 


2 798 


4 


220 


23.202 


0.009 


1.1900 


0.0004 


86.062 


0.086 


943.7 


0.4 


2802 


4 


230 


27.979 


0.010 


1.2087 


0.0004 


71.472 


0.071 


990.3 


0.5 


2803 


4 


240 


33.480 


0.012 


1.2291 


0.0004 


59. 674 


0.060 


1 037. 6 


0.5 


2 803 


4 


250 


39.776 


0.013 


1. 251 2 


0.0004 


50.056 


0.050 


1085.8 


0.5 


2 801 


4 


260 


46.941 


0.015 


1.2755 


0.0004 


42. 149 


0.042 


1135.0 


0.7 


2796 


4 


270 


55.052 


0.017 


1.3023 


0.0004 


35.599 


0.036 


1185.2 


0.8 


2 790 


4 


280 


64.191 


0.020 


1.3321 


0.0004 


30.133 


0.030 


1236.8 


0.8 


2780 


4 


290 


74.449 


0.022 


1.3655 


0.0005 


25.537 


0.030 


1290 


1 


2 766 


4 


300 


85.917 


0.024 


1.403 6 


0.0007 


21.643 


0.035 


1345 


1 


2 749 


4 


310 


98.694 


0.030 


1.447 5 


0.0007 


18. 316 


0.035 


1402 


2 


2727 


6 


320 


112.89 


0.03 


1.499 2 


0.0007 


15. 451 


0.035 


1462 


2 


2 700 


6 


330 


128.64 


0.04 


1.562 


0.001 


12.967 


0.035 


1526 


2 


2666 


6. 


340 


146.08 


0.04 


1.639 


0.001 


10.779 


0.035 


1596 


3 


2 623 


7 


350 


165.37 


0.04 


1.741 


0.001 


8.805 


0.035 


1672 


3 


2565 


8 


360 


186.74 


0.05 


1.894 


0.004 


6.943 


0.040 


1762 


3 


2 481 


8 


370 


210.53 


0.05 


2.22 


0.02 


4.93 


0.10 


1892 


6 


2 331 


12 


371 


213.06 


0.10 


2.29 


0.02 


4.68 


0.10 


1913 


6 


2306 


14 


372 


215.63 


0.11 


2.38 


0.03 


4.40 


0.11 


1937 


9 


2 273 


16 


373 


218.2 


0.1 


2.51 


0.04 


4.05 


0.12 


1969 


M 


2230 


18 


374 


220.9 


0.1 


2.80 


0.15 


3.47 


0.12 


2 032 


20 


2146 


30 


(4) 374. 15 


221.2 


0.1 


3.17 


0.15 


3.17 


0.15 


2095 


30 


2095 


30 


±0.10 























Notes (1) The specific internal energy is made exactly zero for the liquid phase at the triple point. 

(2) The states here shown are metastable. 

(3) At a pressure of exactly 1.01325 bar the saturation temperature hat the exact assigned value of 100° C on the International 
Practical Scale of Temperature, 1948. 

At a temperature of exactly I00°C on the Thermodynamic Celsius Scale the saturation pressure is 1.013 25 bar, with a tolerance of 
0.00004 bar. 

(4) Near the critical point, the tolerances on the specific volume and on the specific enthalpy in the vapor phase are correlated with 
the corresponding tolerances in the liquid phase. The tolerances on the changes in specific volume and in specific enthalpy 
on evaporation tend to zero as the critical point is approached. 

(Continued) 
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TABLE 12 INTERNATIONAL SKELETON TABLES (19*3, 1*7S AND 1977)- Co*/<* 

Table 12C International Skeleton Tables (19*3)— Specific Enthalpy of Compressed Water 
and Superheated St"«n In J/g 

Of each pair of figures the upper represents the adopted value and the lower the tolerance (±). 



Pressure 
bar 










Teaiperstart *C ' 





50 


100 


160 


200 


260 


330 


363 


875 


400 


425 


450 


476 


600 


650 


600 


650 


700 


750 


800 





2602 
2 


2596 


2686 

2 . 
2676 
2 


2784 
2 

2777 
2 


2880 
2 

2876 
2 

2867 

3 

2830 

4 


2976 
2 

2 976 
2 

2961 
3 

2943 
3 

2 881 


8077 
2 

3074 
3 

3064 

4 
3061 

4 

3009 
5 

2 926 
5 


3178 
2 

3176 
3 

3168 

4 
3158 

4 

8126 

4 

3068 

5 


3229 
2 

3227 
3 

3220 
4 

3211 
4 

8184 
4 

3134 

4 


3280 
2 

8278 
3 

3272 
4 

3264 
4 

3240 
4 

3196 

4 


8382 
2 

3330 
3 

3325 
4 

3 317 

4 

3295 

4 
3257 

4 


3384 

2 

3383 

3 

8377 

4 
3371 

4 

3350 
4 

3 317 
4 


3436 
2 

3436 
3 

3430 

4 
3425 

4 

3406 

4 
3 375 

4 


3489 

2 

3488 

3 

3484 

4 
3478 

4 

3 462 

4 
3 434 

4 


3 597 
3 

3596 
3 

3592 
4 

3587 
5 

3 574 
5 

3550 
5 


3 706 
3 

3705 
3 

3 702 
4 

3698 
5 

3686 
5 

3666 
5 


3817 

4 
3816 

4 

3813 
4 

3810 
5 

3 799 
5 

3782 
5 


3 929 
4 

3928 
4 

3926 
4 

3923 
5 

3914 
6 

3898 
6 


4 043 
4 

4043 
4 

4040 
4 

4038 
6 

4 030 
6 

4 016 
6 


4159 

4 


w i 


0.06 

EOT 

0.47 
0.02 
0.96 
0.02 

2.50 
0.06 
6.05 
0.10 


US.i 

0.1 

209.6 
0.2 

210.1 
0.2 

211.3 
0.2 

213.5 
0.2 


4 159 
4 


5 

10 


419.4 
0.2 

419.7 
0.4 

421.0 
0.4 

422.6 
0.4 


682.2 

0.3 

6324 

0.4 

683.4 
0.4 

634.9 
0.4 


4 157 
4 

4 155 
6 


25 


862.8 
0.4 

863.8 
0.4 


4 147 
6 


50 


ld&ifi 
0.5 


4 136 
6 


75 


7.56 
0.15 
10.1 
0.2 


215.7 
0.2 

217.9 
0.2 


424.7 
0.4 

426.6 
04 


686.5 
0.4 

638.1 
0.4 


855.0 
0.6 

856.1 
06 


1065.9 
0.5 

1066.0 
0.5 


2814 


3003 
6 

2924 
5 


3079 
4 

3017 
4 


3149 
4 

3098 

4 


3216 
4 

3172 
4 


3280 
4 

3 242 
4 


3342 
4 

3309 
4 


3404 
4 

3 374 
4 


3 526 
5 

3 501 
6 


3 645 
6 

3 625 
8 


3764 
6 

3 747 
8 


3883 
6 

3 868 
8 


4 003 
6 

3990 
8 


4124 
6 


100 


1343 

1 


4112 
8 


126 
150 


12.6 
0.5 

151 
0.5 

17.6 
0.4 

20.1 
0.4 


220.0 
0.2 

222.1 
0.2 

224.3 
0.3 

226.5 
0.8 


428.5 
0.4 

430.4 
0.4 

432.3 
0.4 

434.2 
0.4 


639.7 
0.4 

641.8 
0.4 

642.9 
04 

644.5 
0.4 


857.2 

5 

8583 

0.5 

859.5 
0.5 

860.6 
0.6 


10661 
0.6 

1066.3 
0.6 

1066.6 
0.6 

1086.8 
0.6 


1340 
1 

1338 
1 

1836 
1 

1334 
1 


2826 
6 

2 692 
8 


2946 
6 

2861 
8 

2755 
8 

2605 
8 


3041 
6 

2 978 
6 

2905 
6 

2819 
8 


3125 

4 

3073 

6 

3017 
6 

2955 
6 


3 201 
4 

3157 
5 

3111 
6 

3062 
6 


3 273 
4 

3 235 
6 

3196 
6 

3155 
6 


3 343 
5 

3 310 
5 

3 277 
6 

3 241 
6 


3 476 
8 

3450 
8 

3 423 
8 

3396 
8 


3604 
10 

3682 
10 

3560 
10 

3538 
10 


3729 
10 

3 711 
10 

3 692 
10 

3673 
10 


3852 
10 

3836 
10 

3821 
11 

3805 
11 


3 976 
10 

3962 
10 

3949 
11 

3 935 
11 


4100 
10 

4089 
10 


175 
200 


1663 
3 

1646 
3 


4077 
11 

4065 
11 


226 
200 


22.6 
0.6 

25.1 
0.6 


228.6 
0.3 

230.7 
0.3 


436.1 
0.4 

438.0 
0.4 


646.1 
0.4 

647.7 
0.4 


8618 
06 

863 
0.6 


1087.3 
0.7 

1087.7 
0.8 


1832 

1 
1331 

1 


1633 
3 

1623 
3 


1980 

12 

1860 

8 


2 715 
8 

2 583 
8 


2885 
6 

2807 
6 


3009 
6 

2952 
6 


3112 
6 

3066 
6 


3205 
6 

3167 
6 


3368 
8 

3 339 
8 


3 515 
10 

3 492* 
10 


8654 
10 

3 635 
10 


3789 
11 

3773 
12 


3922 
11 

3908 
12 


4 053 
12 

4041 
13 


276 
800 


27.5 
0.5 

80.0 
0.5 


232.8 
0.3 

285.0 
0.3 


439.9 
0.4 

441.8 
0.4 


649.3 
0.4 

650.9 
0.4 


864.2 
0.6 

865.4 
0.6 


1088.2 
0.8 

1068.7 
0.8 


1880 

1 

1329 

1 


1615 
3 

1609 
3 


1814 
8 

1791 
6 


2383 
8 

2157 
8 


2718 
6 

2 614 
6 


2890 
6 

2 822 
6 


3018 
6 

2967 
6 


3125 
6 

3084 
6 


3308 
8 

3 278 
8 


3 467 

10 

3 444 

10 


3615 
10 

3 596 
10 


3757 
12 

3740 
13 


3894 
13 

3880 
13 


4030 
13 

4018 
13 


260 
400 


84.9 
0.6 

89.7 
0.7 


239.2 
0.3 

243.6 
0.3 


445.6 
4 

449.4 
0.4 


654.1 
0.4 

657.4 
04 


867.9 
0.6 

870.4 
0.6 


1090 

1 
1091 

1 


1327 

1 

1325 

1 


1598 
8 

1590 
3 


1762 
6 

1743 
6 


1992 
8 

1934 
8 


2 375 
6 

2203 
6 


2 672 
6 

2514 
6 


2 858 
6 

2 741 
6 


2998 
6 

2906 
6 


3216 
8 

3153 
8 


3396 
10 

3347 
10 


3557 
10 

3 518 
10 


3708 
13 

3 676 
13 


3853 
13 

3826 
13 


3994 
13 

3971 
14 


400 
600 


44.6 
0.8 

49.3 
0.8 


247.7 
0.4 

252.0 
0.4 


453.2 
0.4 

457.0 
0.4 


660.7 
0.4 

664.0 
0.4 


873.0 
0.6 

876.6 
0.6 


1092 

I 
1094 

1 


1824 

1 

1824 

2 


1582 
3 

1577 
3 


1729 
6 

1717 
6 


1901 
8 

1878 
8 


2115 
6 

2064 
6 


2 383 
6 

2288 
6 


2624 
6 

2 522 
6 


2 813 
6 

2 723 
6 


3088 
8 

3023 
8 


3298 
10 

3 249 
10 


3478 
10 

3439 
10 


3643 
13 

3611 
13 


8 798 
13 

3 771 
13 


8948 
13 

3925 
14 


550 
600 


64.1 
0.8 

66.8 
0.9 


256.2 
0.4 

260.4 
0.4 


460.8 
0.4 

464.6 
0.4 


667.3 
0.4 

670.6 
04 


878.4 
0.6 

881.1 
0.7 


1096 

1 

1097 

1 


1823 
2 

1323 
2 


1572 
3 

1568 
3 


1709 
6 

1702 
6 


1860 
8 

1847 
8 


2030 
8 

2005 
6 


2228 
8 

2183 
8 


2 439 
6 

2 378 
8 


2641 
8 

2571 
8 


2960 
8 

2900 
8 


3200 
10 

3153 
10 


3 400 
10 

3 362 
10 


3 579 
13 

3 547 
13 


3 744 
13 

3 718 
13 


3902 
14 

3879 
13 


650 

700 


63.5 
1.0 

68.1 
1.0 


264.6 
0.4 

268.8 
0.5 


468.4 
0.4 

472.1 
0.5 


674.0 
0.5 

677.3 
0.5 


883.8 
0.8 

886.6 
0.8 


1099 

1 

1101 

1 


1823 
2 

1828 
2 


1565 

3 

1562 

3 


1696 
6 

1691 
6 


1836 
8 

1828 
8 


1986 
8 

1971 
8 


2151 
8 

2126 
8 


2830 
8 

2294 
8 


2 514 
8 

2468 
8 


2844 
8 

2793 
6 


3107 
10 

8062 
10 


3 324 
10 

3288 
10 


3 516 

13 

3486 

13 


3692 

13 

3666 

14 


3857 

16 

3636 

16 


750 
600 


72.7 
1.1 

77.3 
1.2 


273.0 
0.6 

277.1 
0,7 


476.0 
0.5 

479.8 
0.7 


680.7 
0.5 

684.0 
0.7 


889.3 
0.9 

892.2 
0.9 


1108 

1 
1106 

1 


1824 
2 

1824 
2 


1560 
4 

«J69 

4 


1687 
6 

1684 
6 


1820 
8 

1814 
8 


1956 
8 

1948 
8 


2106 
8 

2090 
8 


2265 
8 

2 241 
8 


2430 
8 

2899 
8 


2 748 
8 

2709 
8 


3021 
10 

2983 
10 


3253 
10 

3219 
10 


3456 

13 

3428 

18 


3641 
15 

8617 
15 


3814 
17 

8798 
16 


660 
900 


81.9 
1.2 

86.6 
1.2 


281.3 
0.8 

285.4 
0.9 


483.6 
0.8 

487.3 
0.9 


687.4 
0.8 

690.8 
0.9 


895.0 
1.0 

896.0 
1.0 


1107 
2 

1109 
2 


1825 
2 

1826 
2 


1667 
4 

1667 

4 


1681 
6 

1678 
6 


1806 
8 

1804 
8 


1938 
6 

1982 
6 


2077 
6 

2066 
8 


2222 
8 

2206 
8 


2373 
8 

2351 
8 


2674 
8 

2644 
8 


2948 
10 

2916 
10 


3187 
10 

3157 
10 


3400 
13 

8873 
13 


8599 
16 

9670 
16 


8773 
19 

9768 
20 


660 
1000 


91.1 
1.2 

96.7 
1.2 


289,6 
1.0 

293.7 
1.2 


491.2 
1.0 

495.0 
1.2 


694.2 
1.0 

697.6 
1.2 


900.9 
1.3 

903.8 
1.5 


1111 
2 

1114 
2 


1827 
3 

1328 
3 


1566 
6 

1566 
6 


1676 
6 

1674 
6 


1799 
8 

1796 
8 


1926 
8 

1920 
8 


2066 
6 

2047 
8 


2193 
8 

2181 
8 


2 333 
6 

2318 
8 


2616 
8 

2595 
8 


2887 
10 

2861 
10 


3129 
10 

3108 
10 


3848 

13 

8324 

18 


8548 

16 

3627 

16 


3784 
20 

3715 
20 



Notes — (1) The specific internal energy is made exactly lero for the liquid phase at the triple point. 

(2) The entry shown for 0°C and I bar relates to a metastabte liquid state. The stable state here is solid. 
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Table 12D International Skeleton TaMe* (197S)-»Dyn*mk Vbcoelty p *f Compressed Water 
uul Superheated Steam in 10"* Pa • i. 

Of each pair of figures the upper represents the adopted value and the lower the tolerance (±). 







Temperature °C 




MPt 





25 


50 


75 


100 


150 


200 


250 


300 


350 


375 


400 


425 


450 


475 


500 


550 


600 


6$0 


700 


750 


800 


0.1 


1791 

1790 
18 


890.9 
8.9 

891.2 
8.9 


547.1 
5.5 

546.7 
5.5 


377.3 
3.8 

378.0 
3.8 


12.42 
0.25 


14.29 
0.29 


16.26 
0.33 

16.05 
0.32 


18.30 
0.37 

18.16 
0.36 


20.36 
0.41 

20.25 
0.41 


22.43 
0.45 

22.32 
0.45 


23.45 
4). 47 

23.43 
0.47 


24.47 
0.49 

24.44 
0.49 


25.49 
0.51 

25.49 
0.51 


26.50 
0.53 

26.53 
0.53 


27.51 
0.55 

27.57 
0.55 


28.52 
0.86 

28.64 
0.86 


30.53 
0.92 

30.67 
0.92 


32.55 
0.98 

32.77 
0.98 


34.6 
1.0 

34.7 
1.0 


36.6 
1.1 

36.7 
1.1 


38.6 
1.2 

38.5 
1.2 


40.5 

1.2 


0.5 


281.7 
2.8 


182.3 
1.8 


40.3 
l.Sf 


1 


1789 
18 

1786 
18 

1780 
18 


891.1 
8.9 

890.8 
8.9 

890.3 
8.9 


546.6 
5.5 

547.1 
5.5 

547.7 
5.5 


378.2 
3.8 

378.5 
3.8 

379.2 
3.8 


281.9 
2.8 

282.3 
2.8 

283.1 
2.8 


182.4 
1.8 

182.8 
1.6 

183.4 
1.6 


15.92 
0.32 


18.09 
0.36 

17.85 
0.36 


20.21 
0.40 

20.07 
0.40 

19.88 
0.40 


22.29 
0.45 

22.22 
0.44 

22.15 
0.44 


2340 
0.47 

23.37 
0.47 

23.33 
0.47 


24.43 
0.49 

24.41 
0.49 

24.42 
0.49 


25.49 
0.51 

25.49 
0.51 

25.52 
0.51 


26.53 
0.53 

26.54 
0.53 

26.60 
0.53 


27.58 
0.55 

27.59 
0.55 

27.66 
0.55 


28.65 
0.86 

28.66 
0.86 

28.73 
0.86 


30.68 
0.92 

30.72 
0.92 

30.82 
0.92 


32.79 
0.98 

32.84 
0.99 

32.77 
0.98 


34.8 
1.0 

34.6 
1.0 

34.9 
1.1 


36.8 
1.1 

36.8 
1.1 

36.9 
1.1 


38.5 
1.2 

38.6 
1.2 

38.7 
1.2 


40.4 
1.2 


2.5 


134.6 
1.4 

135.2 
1.4 


40.4 
1.2 


5 


106.5 
1.1 


40.6 
1.2 


7.5 


1774 
18 

1768 
18 


889.8 
8.9 

889.4 
8.9 


548.3 
5.5 

548.7 
5.5 


379.8 
3.8 

380.4 
3.8 


283. 8 
2.8 

284.7 
2.9 


184.1 
1.8 

184.7 
1.9 


135.9 
1.4 

136.4 
1.4 


107.2 
1.1 

107.8 
1.1 


19.75 
0.40 


22.12 
0.44 

22.16 
44 


23.34 

0.47 

23.39 

0.47 


24.46 
0.49 

24.52 
0.49 


25.58 
0.51 

25.65 
0.51 


26.68 
0.53 

26.75 
0.53 


27.76 
0.56 

27.82 
0.56 


28.81 
0.86 

28.95 
0.87 


30.94 
0.93 

31.08 
0.93 


32.87 
0.99 

33.02 
0.99 


34.9 
1.1 

35.1 
1.1 


37.0 
1.1 

37.2 
1.1 


38.8 
1.2 

39.0 
1.2 


40.7 
1.2 


10 


87.1 
1.7 


40.9 
1.2 


12.5 


1762 
18 


889.1 
8.9 


549.1 
5.5 


381.0 
3.8 


285. 3 
2.9 


185.3 
1.9 


137.0 
1.4 


108.5 
1.1 


88.0 
1.8 


22.35 
0.45 


23.57 
0.47 


24.69 
0.49 


25.81 
0.52 


26.91 
0.54 


27.98 
0.56 


29.09 
0.87 


31.19 
0.94 


33.2 
1.0 


35.2 
1.1 


37.4 
1.1 


39.2 
1.2 


41.1 
1.2 


15 


1756 
18 

1750 
18 


888.7 
8.9 

888.5 
6.9 


549.5 
5.5 

550.0 
5.5 


381.6 
3.8 

382.3 
3.8 


286.0 
2.9 

286.7 
2.9 


186.0 
1.9 

186.6 
1.9 


137.6 
1.4 

138.2 
1.4 


109.1 
1.1 

109.8 
1.1 


89.0 
1.8 

89.9 
1.8 


22.84 
0.46 


23.88 
0.48 

24.49 
0.49 


24.98 
0.50 

25.37 
0.51 


26.06 
0.52 

26.38 
0.53 


27.13 
0.54 

27.42 
0.55 


28.18 
0.56 

28.42 
0.57 


29.30 
0.88 

29.49 
0.88 


31.44 
0.94 

31 70 
0.95 


33.4 
1.0 

33.7 
1.0 


35.5 
1 1 

35.7 
1.1 


37.6 

1.1 

37.8 

1.1 


39.4 
1.2 

39.6 
1.2 


41.2 
1.2 


17.5 


67.3 
2.0 


41.4 
1.2 


20 


1744 
17 


888.2 
8.9 


550.4 
5.5 


382.9 
3.8 


287.4 
2.9 


187.3 
1.9 


138.8 

1.4 


110.4 
1.1 


90.8 
1.8 


69.5 
2.1 


25.85 
0.52 


26.03 
0.52 


26.83 
0.54 


27.80 
0.56 


28.76 
0.58 


29.81 
0.89 


31.98 
0.96 


33.9 

1.0 


35.9 
1.1 


38.0 

1.1 


39.8 
1.2 


41.6 
1.3 


22.5 


1738 
17 


887.9 
8.9 


550.9 
5.5 


383.5 
3.8 


288.0 
2.9 


187.9 
1.9 


139.4 
1.4 


111. 1 
1.1 


91.6 
1.8 


71.4 
2.1 


48.2 
3.9 


27.11 
0.54 


27.50 
0.55 


28.31 
0.57 


29.17 
0.58 


30.17 
0.91 


32.38 
0.97 


34 2 
1.0 


36.2 
1.1 


38.2 
1.2 


39.8 
1.2 


41.9 
1.3 


25 


1733 
17 


887.6 
8.9 


551 3 
5.5 


384.2 
3.8 


288.7 
2.9 


188.5 
1.9 


140.0 
1.4 


111.7 
1.1 


92.4 
1.9 


73.0 
2.2 


58.8 
1.2" 


29.10 
0.58 


28.43 
0.57 


28.99 
0.58 


29.70 
0.59 


30.56 
0.92 


32.73 
0.98 


34.6 
1.0 


36.5 
1.1 


38.5 
1.2 


40.2 
1.2 


41.9 
1.3 


27.5 


1728 
17 


887.4 
8.9 


551.8 
5.5 


364. 6 
3.9 


289.4 
2.9 


189.1 
1.9 


140.6 
1.4 


112.3 
1.1 


93.1 
1.9 


74.4 
2.2 


62.4 
1.2 


33.88 
0.68 


29.81 
0.60 


29.84 
0.60 


30.33 
0.61 


31.08 
0.93 


33.11 
0.99 


34.9 
1.1 


36.8 
•1.1 


38.7 
1.2 


40.4 
1.2 


42.2 
1.3 


30 


1723 
17 


887.2 
8.9 


552.3 
5,5 


385.5 
3.9 


290.0 
2.9 


189.8 
1.9 


141.2 
1.4 


112.9 
1.1 


93.9 

19 


75.7 
2.3 


64.9 
13 


43.97 
0.86 


31.84 
0.64 


30.97 
0.62 


31.06 
0.62 


31.68 
0.95 


33.6 
1.0 


35.3 
1.1 


37.2 
1.1 


39.0 
1.2 


40.7 
1.2 


42.5 
1.3 


35 


1713 
17 


886.8 
8.9 


553.3 
5.5 


386.7 
3.» 


291.4 
2.9 


191.0 
1.9 


142.3 

1.4 


114.1 
1.1 


95 3 
1.9 


78.0 
2.3 


68.6 
1.4 


56.4 
1.1 


39.47 
0.79 


34.19 
0.68 


33.17 
0.66 


33.10 
0.99 


34.6 
1.0 


36.1 
1.1 


37.9 
1.1 


39.8 
1.2 


41.3 
1.2 


43.0 
1.3 


40 


1705 
17 


886.6 
8.9 


554.3 
5.5 


388.0 
3.9 


292.7 
2.9 


192.2 
1.9 


143. 5 
1.4 


115.3 
1.2 


96.5 
1.9 


79.9 
2.4 


713 
1.4 


62.1 
1.2 


49.26 
0.99 


39.16 
0.78 


36.06 
0.72 


35.2 
1.1 


35.7 
1.1 


37.5 
1.1 


38.8 
1.2 


40.4 
1.2 


42.0 
1.3 


43.7 
1.3 


45 


1697 
17 


886.5 
8.9 


555.3 
5.6 


389. 3 
3.9 


294.0 
2.9 


193.4 
1.9 


144.6 
1.5 


116,4 
1.2 


97.8 
2.0 


81.7 
2.5 


73.7 
15 


65.8 
1.3 


55.6 
1.1 


44.87 
0.90 


39.90 
D.80 


37.6 
1.1 


37.4 
1.1 


38.6 
1.2 


40.0 
1.2 


41.2 
1.2 


43.1 
1.3 


44.4 

1.3 


50 


1690 
17 


886.4 
6.9 


556.3 
5.6 


390.6 
3.9 


295.4 
3.0 


194.6 
2.0 


145.8 
1.5 


117.6 
1.2 


99.0 
2.0 


83.4 
2.5 


75.9 
2.3 


68.2 
2.0 


60.1 
1.8 


50.5 
1.5 


44.0 
1.3 


40.5 
1.2 


39 1 
1.2 


40.0 
1.2 


40.6 
1.2 


42.2 
1.3 


43.7 
1.3 


45.3 
1.4 


55 


1684 
17 


886.5 
8.9 


557.4 
5.6 


392.0 
3.9 


2%. 7 
30 


195.8 
2.0 


146.9 
1.5 


118.7 
1.2 


100.2 
2.0 


84.9 
2.6 


77.8 
2.3 


70.9 
2.1 


63.6 
1.9 


55.3 
1.7 


48.4 
1.5 


43.9 
1.3 


410 
1.2 


41.4 
1.2 


41.8 
1.3 


42.5 
1.3 


44.6 
1.3 


45.9 

1.4 


60 


1679 
17 


886.7 
8.9 


558.5 
5.6 


393.3 
3.9 


298.0 
3.0 


197.0 
2.0 


148.0 
1.5 


119.7 
1.2 


101.3 
2.0 


86.3 
2.6 


79.5 
2.4 


73.1 
2.2 


66.1 
2.0 


59.2 
1.8 


52.3 
16 


47.6 
1.4 


43.1 
1.3 


417 
13 


42.9 
1.3 


43.2 
1.3 


44.8 
1.3 


46.6 

1.4 


65 


1674 
17 


886.9 
8.9 


559.7 
5.6 


394.6 
4.0 


299.4 
3.0 


198.2 
2.0 


149.0 
1.5 


120.8 
1.2 


102.5 
2.1 


87.7 
26 


81.1 
2.4 


75.2 
2.3 


68.1 
2.0 


62.3 
1.9 


55.5 
1.7 


50.8 
1.5 


45.1 
1.4 


43.2 
1.3 


43.9 
1.3 


44.2 
1.3 


45.4 

1.4 


46.8 

1.4 


70 


1670 
17 


887.3 
8.9 


560.9 
5.6 


395T9 
4.0 


300.7 
3.0 


199.4 
2.0 


150.1 
1.5 


121.9 
1.2 


103.6 
2.1 


89.0 
2.7 


82.5 
2.5 


76.9 
2.3 


70.5 
2.1 


64.9 
2.0 


58.8 
1.8 


53.7 
1.6 


47.5 
1.4 


44.8 
1.3 


44.3 
1.3 


44.4 

1.3 


46.2 

1.4 


47.4 
1.4 


75 


1666 
17 


887.7 
8.9 


562.0 
5.6 


397.3 

4.0 


302.0 
3.0 


200.6 
2.0 


151.2 
1.5 


122.9 
1.2 


104.6 
2.1 


90.3 
2.7 


83.9 
2.5 


78.5 
2.4 


72.2 
2.2 


66.9 
2.0 


61.3 
1.8 


56.2 
1.7 


49.7 
1.5 


45.7 
1.4 


45 5 

1.4 


45.6 
1.4 


46.8 
1.4 


48.1 
1.4 


60 


1662 
17 


888.3 
8.9 


563. 3 
5.6 


39H.6 
4.C 


303.4 
3.0 


201.8 
2.0 


152. 3 
1.5 


123.9 
1.2 


105.6 
2.1 


91.4 

2.7 


85.2 
2.6 


79.9 
2.4 


74.0 
2.2 


68.3 
2.1 


63.6 
1.9 


58.7 
1.8 


52.1 
1.6 


47.4 
1.4 


47.0 
1.4 


46.6 
1.4 


47.3 
1.4 


48.6 

1.5 


85 


1659 

17 


888.8 
8.9 


564.5 

5.7 


400. C 
4.C 


304.6 
3.1 


203.0 
2.0 


153. 3 
1.5 


124.9 

-X3 


106.6 
2.1 


92.6 
2.8 


86.4 
2.6 


81.4 
2.4 


75.8 
2.3 


70.2 
2.1 


65.5 
2.0 


60.8 
1.8 


54.0 
1.6 


49.9 

1.5 


47.6 
1.4 


47.6 
1.4 


48.1 
1.4 


49.0 

1.5 


90 


1656 
17 


889.5 
8.9 


565.8 
5.7 


401.4 
4.0 


305.9 
3.1 


204.2 
2.0 


154.3 
1.5 


125.9 
1.3 


107.6 
2.2 


93.7 
2.8 


87.5 
2.6 


82.7 
2.5 


77.2 
2.3 


72.3 
2.2 


67.3 
2.0 


62.8 
1.9 


55.8 
1.7 


51.4 

15 


48.9 
1.5 


49.1 
1.5 


48.9 
1.5 


49.7 
1.5 


95 


1653 

17 


890.3 
8.9 


567.1 
5.7 


402.8 
4.0 


307.3 
3.1 


205.4 
2.1 


155.4 
1.6 


126.9 
1.3 


108.6 
2.2 


94.7 
2.8 


88.7 
2.7 


83.6 
2.5 


78.6 
2.4 


t3.8 
2.2 


69.1 
2.1 


64.6 
1.9 


57.7 
1.7 


53 6 
1.6 


50.9 
1.5 


49.5 
1.5 


49.8 

1.5 


50.3 
1.5 


100 


1651 
17 


891.1 
8.9 


568.4 
5.7 


404.2 
4.0 


308.6 
3.1 


206.5 
2.1 


156.4 
1.6 


127.9 
1.3 


109.6 
2.2 


95.8 
2.9 


89.8 
2.7 


85.0 
2.6 


79.8 
2.4 


74.6 
2.2 


69.8 
2.1 


66.1 
2.0 


59.3 
1.8 


55.1 
1.7 


52.1 
1.6 


50.5 
1.5 


51.1 
1.5 


51.0 
1.5 



Note — The entry shown for 0°C and 0.1 MPa relate* to a metastable liauid state. The stable state here is solid 
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TABLE 12 INTERNATIONAL SKELETON TABLES (1963, J975 AND 1977)-Contd. 

Table I2E International Skeleton Tables (1977)- Thermal Conductivity X of Compressed Water 
and Superheated Steam m mW/(m • K) 

Of each pair of figures the upper represents the adopted value and the lower the tolerance (±). 



Pressure 
MP* 


Temperature °C 





25 


50 


75 


100 


150 


200 


250 


300 


350 


375 


400 


425 


450 


475 


500 


550 


600 


650 


700 


750 


800 


(1)0.1 


m 

11 

563 

11 


610 
9 

610 
9 


643 
9 

643 
9 


664 
10 

664 
10 


25.0 
0.5 


28.9 
0.6 


33.3 
0.7 

34.1 
1.0 


38.1 
0.8 

38.7 
1.2 


43.3 
0.9 

43.7 
1.3 


49.0 
1.0 

49.1 
1.5 


52.0 
1.0 

52.6 
1.6 


54.9 
1.1 

55.5 
1.7 


57.9 
1.2 

58.5 
1.8 


60.6 
1.2 

61.4 
1.4 


1.3 

64.5 

1.9 


67.1 

La 

67. r 

2.0 


73.1 
1.5 

2.2 


79.9 86.4 

2.4 2.6 

,80.5 87.2 

X7\ 3.5 


93.4 
2.8 

93.8 
3.8 


100.5 
3.0 

100.9 
4.0 


107.5 
3.2 


0.5 


680 
10 


688 
10 


108.0 
4.3 


1.0 


564 

11 
566 

11 
567 

11 


611 
9 

611 
9 

613 
12 


643 

9 

644 

9 

645 

12 


666 
10 

ooo 
10 

668 
13 


681 
10 

682 
10 

683 
13 


689 
10 

690 
10 

691 
13 


35.9 

1.4 


39.5 
1.2 

43.8 
1.4 


44.3 
1.3 

46.5 
1.4 

52.7 
1.6 


49.5 
1.5 

50.9 
1.5 

64.1 
1.9 


53.0 
1.6 

54.7 
1.6 

56.5 
1.7 


56.0 
1.7 

56.9 
1.7 

58.6 
1.8 


58.6 
1.8 

59.6 
1.8 

60.9 
1.8 


61.7 
1.9 

62.6 
1.9 

64.0 
1.9 


64.7 
1.9 

65.6 
2.0 

66.4 
2 


68.0 
2.0 

68.7 
2.1 

69. 3 
2.1 


74.3 
2.2 

75.1 
2.3 

75.4 
2.3 


81.0 
3.2 

81.5 
3.3 

81.5 
3.3 


tti? 

3.5 
88.8 

3.6 
91.4 

3.7 


94.3 
&8 

95.3 
3.8 

95.7 
3.8 


101.4 
4.1 

10*4 
4.1 

103.6 
4.1 


108.6 
4.3 


2.5 


668 
10 

671 
13 


,109.5 
4,4 


5 


625 
12 


109.6 
4.4 


7.5 


570 
11 

571 
11 


614 
12 

615 
12 


647 
12 

648 
13 


669 
13 

669 
13 


685 

13 

686 

13 


694 
13 

695 
13 


673 
13 

675 
13 


628 
12 

631 
12 


63.6 
1.9 


59.6 
1.8 

68.2 
2.0 


60.5 
1.8 

65.3 
2.1 


62.7 
1.9 

66.9 
2.0 


64.0 
1.9 

67.4 
2.0 


66.7 
2.0 

69.4 
2.1 


69.5 
2. 1 

72.1 
2.2 


73.3 
2.2 

75.6 
2.3 


80.0 

2.4 

82.5 

2.5 


87.3 
3.5 

89.4 
3. (J 


96.4 
5.3 

97.5 
4.6 


101.0 
4.0 

102.9 
4.1 


108.1 
4.3 

111.2 
5.1 


112.4 
4.5 


10' 


557 
11 


118.1 
5.2 


12.5 


571 
11 


616 
12 


649 
13 


672 
13 


687 
13 


697 
13 


678 
13 


634 
12 


562 
11 


81.2 
2.4 


73. 6 
2.2 


72.4 
2.2 


72.0 

2. 2 


74.1 

2.2 


76.1 
2. 3 


79.4 
2.4 


85.0 
2.6 


90.7 
3.6 


97.9 
3.9 


102.9 
4.1 


109.9 
4.4 


116.3 
4.7 


15 


573 
11 

573 
11 


617 
12 

618 
12 


650 
13 

651 
13 


673 
13 

674 
13 


689 
13 

691 
13 


700 
14 

701 
14 


680 
13 

682 
13 


638 
12 

639 
12 


566 
11 

571 
11 


107.5 
6.7 


84. 8 

2.5 

104. 2 

3.1 


79.9 
2.4 

90.0 
2. 7 


77.8 
2.3 

84.8 
2.5 


78.4 
2.4 

84.0 
2.5 


N 79.3 

2.4 

84.2 

2.5 


82.4 
2.5 

85.7 
2.6 


87.5 
2.6 

90.2 
2.7 


93.4 
3.7 

96.2 
3.8 


100.3 
4.0 

102. 5 
4.1 


105 6 
4.2 

106.0 
4.2 


112.7 
4.5 

114.4 
4.6 


118.0 
4.7 


17.5 


452 
13 


119.7 
4.8 


ar 


574 
11 


619 

12 


653 
13 


676 
13 


691 
13 


703 
14 


684 
13 


641 
12 


576 
11 


465 
14 


144.0 
4.7 


104.9 
3.1 


93.7 
2.8 


90.8 
2.7 


90.1 
2.7 


91.6 
2.7 


94.9 
3.0 


98.6 
3.9 


105.5 
4.2 


109.3 
4.4 


116.8 
4.7 


122.7 
4.9 


22.5 


574 
11 


620 
12 


654 

13 


678 
13 


692 
13 


705 

14 


686 
13 


646 
12 


581 
11 


476 
14 


478 
M9 


124.1 
4.2 


105. 9 
3.2 


98.6 
3.0 


95.9 
2.9 


96.0 
2.9 


98.1 
2.9 


102. 6 
4.1 


107.6 
4.3 


112.1 
4.5 


119.2 
4.8 


123.7 
4.9 


25 


577 
11 


621 

12 


655 
13 


679 
13 


694 
13 


707 

14 


689 
13 


648 

13 


588 
11 


482 
14 


400 
14 


166.4 
6.7 


120.6 
3.6 


108.3 
3.2 


102.8 
3.1 


101.5 
3.0 


102.3 

3.1 


105. 7 
4.2 


110.7 
4.4 


114.5 

4.6 


121.5 
4.9 


126.2 
5.0 


27.5 


578 
11 


622 
12 


656 
13 


680 

13 


696 
13 


708 
14 


690 
13 


651 
13 


589 
11 


490 
14 


413 
14 


240.8 
7.2 


139.2 
6.2 


120.3 
3.6 


111.1 
3.3 


107.3 
3.2 


106.1 
3.2 


108.7 
4.3 


113.0 
4.5 


118.0 
4.7 


123.4 
4.9 


127.8 
5.1 


30 


578 
11 


623 
12 


658 
13 


681 
13 


697 
13 


710 
14 


692 
13 


653 
13 


593 
11 


498 
15 


426 
13 


337 

12 


175.0 
8.1 


133.8 
4.0 


119.4 
3.6 


114.1 
3.4 


110.6 
3.3 


112.3 
4.5 


116.2 
4.6 


119.9 
4.8 


125.7 
5.0 


130.2 
5.2 


35 


580 
11 


625 
12 


660 
13 


6P4 
13 


700 
14 


714 
14 


696 
13 


660 
13 


€01 
12 


511 
15 


453 
13 


?H4 
12 


260.5 
7.8 


176.3 
5.5 


144.3 
4.3 


129.7 
3.9 


121.1 
3.6 


119.8 
4.8 


122.7 
4.9 


125.1 
5.0 


130.0 
5.2 


134.6 
5.4 


40 


583 
11 


<>26 
12 


662 
13 


656 
13 


702 
14 


717 
14 


7C0 
14 


664 
13 


608 
12 


526 
15 


471 
14 


399 
15 


331 
10 


233.2 
7.2 


178.9 
5.5 


152.9 
4.6 


133.9 
4.0 


129.2 
5.2 


129.5 
5.2 


131.8 
5.3 


135.8 
5.4 


139.3 
5.6 


45 


584 
11 


629 
12 


664 
13 


610 
,13 


705 
14 


721 
14 


704 
14 


670 
13 


615 
12 


537 
16 


486 
14 


425 
12 


365 
11 


287 
12 


219.0 
7.9 


180.1 
5.4 


148.2 
4.4 


138.5 
5.5 


136.4 
5.5 


137.7 
5.5 


141.1 
5.6 


144.5 
5.8 


50 


586 
11 


630 
12 


666 
13 


692 
13 


708 
14 


724 
14 


708 
14 


673 
13 


621 
12 


547 
44 


498 
40 


444 
36 


381 

:-o 


325 
26 


263 
21 


211 
17 


164 

13 


150 
12 


145 

12 


145 
12 


146 

12 


149 
12 


55 


589 
11 


633 
12 


667 
13 


694 
13 


710 
14 


726 
14 


712 
14 


678 
13 


629 
12 


558 
45 


510 
41 


461 
37 


401 
32 


354 
28 


297 
24 


244 
20 


184 

15 


162 
13 


154 
12 


152 
12 


153 
12 


155 
12 


60 


5£0 
11 


635 
12 


670 
13 


697 

13 


713 
14 


729 

14 


715 
14 


682 
13 


634 
12 


566 
45 


525 
42 


476 
38 


423 
34 


366 
29 


322 
26 


277 
22 


207 
16 


176 
14 


164 
13 


159 
13 


159 
13 


161 
13 


65 


592 
11 


638 
12 


673 
13 


699 

14 


715 
14 


733 
14 


718 
14 


688 
13 


639 
12 


574 
46 


5!i5 
43 


489 
39 


438 
35 


387 
31 


332 
26 


299 
24 


228 
18 


191 
15 


175 
14 


168 
13 


166 
13 


167 
13 


70 


597 
11 


639 
12 


674 
13 


702 

14 


718 
14 


735 

14 


721 
14 


691 
13 


645 
12 


582 
47 


546 
44 


499 
40 


453 
36 


406 
32 


355 
28 


322 
26 


253 
21 


205 
16 


186 
15 


178 
14 


173 
14 


173 
14 


75 


599 
12 


641 
12 


675 
13 


705 
14 


720 
14 


738 
14 


725 

14 


696 
13 


648 
13 


589 

47 


554 
44 


511 
41 


467 
37 


421 
34 


376 
30 


327 
26 


269 
22 


218 
17 


198 
16 


186 

15 


180 
14 


178 
15 


80 


599 
12 


645 
12 


677 
13 


707 
14 


723 
14 


739 
14 


729 
14 


699 
14 


653 
13 


598 
48 


564 
45 


521 
42 


480 
38 


435 
35 


393 
31 


346 
28 


298 
33 


235 

19 • 


209 

"17 


(196) 
16 


(190) 
15 


(185) 
15 


85 


601 
12 


646 
12 


680 
13 


706 
14 


726 
14 


742 
14 


732 
14 


702 
14 


659 
13 


604 
48 


571 
46 


532 
43 


488 
39 


448 
36 


410 
33 


366 
29 


312 
34 


246 

20 


222 
18 


(206) 
17 


(196) 
16 


(194) 
15 


90 


604 
12 


648 
13 


681 
13 


710 
14 


728 
14 


745 
14 


735 
14 


707 
14 


665 
13 


611 
49 


578 
46 


544 
44 


500 
40 


460 

37 


424 
34 


385 
31 


308 
25 


259 
21 


233 
19 


(215) 
17 


(205) 
16 


(201) 
16 


95 


608 
12 


650 
13 


685 
13 


713 
14 


731 
14 


748 
15 


739 
14 


711 
14 


669 
13 


615 
49 


586 
47 


553 
44 


510 
41 


473 
38 


435 
35 


396 
32 


322 
26 


273 
22 


243 
19 


(226) 
18 


(214) 
17 


(207) 
17 


100 


609 
12 


659 686 

13 13 


716 735 1 
14 14 


749 
15 


742 
14 


715 
14 


672 
13 


624 
50 


594 
47 


561 
45 


519 
42 


484 
39, 


445 
36 


412 
33 


338 
27 


288 
23 


255 
20 


(236) 
19 


(221) 
IS* 


17 



Notes — (1) The entry shown for 0°C and 0.1 MPa relates to a metastablc liquid state. The stable state here is solid. 
(2) The extrapolated values are distinguished by the parentheses. 
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Tabk 12F 



Tabic (1*77)— Thermal Conductivity A of Saturated Water 
and Saturated Steam 





Thermal Conductivity 






Thermal Conductivity 




roW/(mK) 






mW/(m- IO 


Temperature 








Temperature 
°C 






°C 














Water 


Steam 






Water 


Steam 




Tolerance 


Tolerance 




Tolerance 


+ 
Tolerance 





■ « 


16.7 


04 


210 


664 13 


40.5 1.7 


0.01 


lETf 


220 


643 13 


43.2 1.3 


10 


584 12 


17.4 


0.5 


230 


632 13 


45.3 1.4 


20 


602 12 


18.1 


0.5 


240 


626 12 


47.9 1.4 


30 


617 12 


19.0 


0.6 


250 


615 12 


51.0 1.5 


40 
50 


631 13 
642 13 


19.7 
20.4 


0.6 
0.6 


260 
270 


602 12 
590 12 


54. 2 1.6 
57.7 1.7 


60 


652 13 


21.2 


0.6 


280 


577 11 


61.3 1.8 


70 


660 13 


22.2 


0.7 


290 


564 11 


67.3 2.1 


80 


669 14 


23.1 


0.7 


300 


547 11 


73.2 3.7 


90 
100 


675 14 
679 14 


24.0 
25.0 


0.7 
0.8 


310 
320 


532 11 
512 10 


79. 8 4. 2 
88.3 4.7 


110 


661 14 


25.7 


0.8 


330 


485 10 


99.1 5.9 


120 


685 14 


26.8 


0.8 


340 


455 13 


116.7 7.9 


130 


686 14 


28.7 


0.9 


350 


447 11 


138 11 


140 
150 


686 14 
686 14 


29.7 
31.0 


0.9 
0.9 


360 
370 


425 23 
418 36 


174 15 
293 55 


160 


682 14 


31.9 


1.3 


371 


429 38 


331 62 


170 


678 . 14 


33.6 


1.3 


372 


450 42 


377 83 


180 


674 13 


35.2 


1.3 


373 


520 50 


464 141 


190 


670 13 


37.2 


1.2 


374 


793 


791 


200 


664 13 


38.8 


1.4 


374.15 


914 


914 



Note — The underlined state of 0°C is melastable (Continued) 

Table 12G International Skeleton Table (1975)— Surface Tension O of Water 



Temperature 


Surface Tfnsion 


Temperature 


'Surfac t Tfnsion 


T,„„..„„| 


Surface 


Tension 


°C 


mN/m 


°C 


mN/m 


°c 


mN 


m 




± 




± 






jh 




Tolerance 




Tolerance 




1 olerance 


0.01 


75.64 0.38 












5 


74. 95 0. 37 


130 


52. 93 0. 26 


255 


24.87 


0.21 


10 


74. 23 0. 37 


135 


51.89 0.26 


260 


23.67 


0.21 


15 


73.50 0.37 


140 


50. 85 0. 25 


265 


22.48 


0.21 


20 


72.75 0.36 


145 


49. 80 0. 25 


270 


21.30 


0.20 


25 


71.99 0.36 


150 


48.74 0.24 


275 


20.11 


0.20 


30 


71,20 0.36 


155 


47. 67 0. 24 


280 


18.94 


0.20 


35 


70.41 0.35 


160 


46. 58 0. 23 


285 


17.77 


0.19 


40 


69. 60 0. 35 


165 


45. 49 0. 23 


290 


16.61 


0.19 


45 


68. 78 0. 34 


170 


44. 40 0. 22 


295 


15.45 


0.19 


50 


67.94 0.34 


175 


43. 30 0. 22 


300 


14.30 


0.18 


55 


67. 10 0. 34 
66>24 0. 33 
65.36 0.33 


180 


42. 19 0. 22 


305 


13.17 


0.18 


60 


185 


41.07 0.22 


310 


12.04 


0.17 


65 


190 


39. 95 0. 22 


315 


10.92 


0.16 


70 


64. 47 0. 32 


195 


38. 82 0. 22 


320 


9.81 


0.16 


75 


63.58 0.32 


200 


37.69 0.22 


325 


8.73 


0.15 


80 


62.67 0.31 


205 


36.55 0.22 


330 


7.66 


0.14 


85 


61.75 0.31 


210 


35.41 0.22 


335 


6.61 


0.13 


90 


60. 82 0. 30 


215 


34. 25 0. 22 


340 


5.59 


0.12 


95 


59. 87 0. 30 


220 


33. 10 0. 22 


345 


4.60 


0.11 


100 


58. 91 0. 29 


225 


31.93 0.22 


350 


3.65 


0.10 


105 


57. 94 0. 29 


230 


30.77 0.22 


355 


2.75 


0.10 


110 


56. 96 0. 28 


235 


29. 66 0. 22 


360 


1.90 


0.10 


115 


55. 97 0. 28 


240 


28. 42 0. 22 


365 


1.13 


0.10 


120 


54. 96 0. 27 


245 


27. 24 0. 22 


370 


0.45 


0.10 


125 


53. 95 0. 27 


250 


26. 06 0. 22 


374.00 


0.00 
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6. CONVERSION FACTORS OF UNITS 





MPa 




at (kgf/cm 2 ) 


1 MPa « 10 bar » 
1 at (kgf/cm 2 « 


1 
0.098 0665 




10.1972 
1 




1 MPa * 10 s kPa - 10 4 Pa 


« 10 bar 




Specific Enthalpy 




kJ/kg 




kcal/kg 


1 kJ/kg 

1 kcal/kg * 


1 
4.186 8 




0.238 846 
1 


Specific Entropy 




U/CkgK) 




kcal/(kgK) 


1 kJ/(kg K) « 
1 kcai/(kgK) - 


1 
4.1868 




0.238 846 
1 


Specific Heat Capacity 




U/(kgK) 




kcal/kg°C 


1 kJ/(kgK) = 
1 kcal/(kg°C) - 


1 
4.186 8 




0.238 846 

I 


Dynamic Viscosity 


Pa.s[kg/(m.s)] 




kgf s/m 2 


I P*.s[kg/(ro.s)] . 
1 kgf s/m 2 


1 
9.806 65 




0.101 972 

1 




I Poise (P) = 1 g/(cm s) * 1 dyn 


s/cm 2 * 10 l Pa.s 




Thermal Conductivity 




W/(m.lC) 




kcal/(mh°C) 


1 W/(m.K) , * 
! kcal/(mh°Q « 


1 
1.163 




0.859 845 
1 
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